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Executive Summary
Introduction: 
One in six Australian adolescents currently suffers from depression. Many 
factors, including behavioural and social factors, contribute to depression risk. 
Research has explored the relationship between physical activity, diet, and 
depression, and subsequent evaluation has led to calls to use these behaviours as 
lifestyle-focused targets for the prevention of depression. To date no studies have 
analysed both behaviours’ associations with depressive symptomology in the 
same analysis for the Victorian adolescent population.
Research Question 1 of this thesis aimed to address this gap in knowledge, 
and asked “What are the associations and effect sizes attributable to physical 
activity time, sedentary behaviour, and diet pattern, on depressive symptomology 
outcomes in a sample of Victorian secondary school students?”
The psychiatric literature contains few examples of interventions targeting 
lifestyle risk factors. By contrast, the obesity prevention literature contains some 
30 years’ worth of evidence on lifestyle behaviour change, and provides high 
quality guidance on this topic. The obesity prevention literature has limited 
examples of success in modifying adolescent physical activity and diet behaviours 
– largely due to the complex, interconnected nature of these behaviours. Current 
guidance from Cochrane reviews suggests that optimal behaviour change 
interventions should acknowledge complexity, build community capacity for 
change, and seek alternative approaches to understanding and changing the 
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complex drivers of lifestyle behaviour. Currently, there is a gap in the population 
health literature regarding methodologies that meet these optimal characteristics.
System Dynamics is a methodology that acknowledges complexity by 
creating graphical models of the interconnected determinants of complex 
problems, called causal loop diagrams. Using a process called group model 
building, community stakeholders can be encorporated into the process of creating 
causal loop diagrams. Causal loop diagrams contain “feedback loops” (closed 
circuits of two or more causally related determinants) which are considered 
important drivers of complex problems, and high-value points for intervention. 
Creating community-led causal loop diagrams of the drivers of adolescent 
lifestyle behaviour will identify potential intervention points, seated within the 
context of a broader complex system of lifestyle determinants. This represents a 
new approach to acknowledging complexity in lifestyle behaviour, which may 
satisfy the Cochrane review characteristics of optimal intervention design.
Research Question 2 therefore asked: “What are the perceived community-
level drivers, and feedback processes affecting adolescents’ diet and physical 
activity behaviours, from the perspective of adolescents and other community 
representatives in Victoria?”
Although the practise of group model building is well described in the 
System Dynamics literature, previously reported examples were resource 
intensive in cost and implementation. This represents a significant barrier to the 
use of group model building in large-scale population prevention projects, 
necessitating the development of a less resource intensive approach to group 
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model building. A supplementary research question – RQ 2.1 – aimed to develop 
such an approach.
Research Question 2.1 asked: “Does the use of a rapid approach to group 
model building produce complex representations of the community-level 
determinants of adolescent physical activity and diet behaviours?”
Multiple studies from the group model building literature have cited a 
limitation regarding the “representativeness” of causal loop diagrams. Group 
model building is typically a small group process, and an unresolved question 
remains over whether the composition of the participant group has a significant 
impact on the diagram produced by the group modelling process. A gap in the 
literature was identified regarding methods to compare repeat-methods causal 
loop diagrams, which would allow for an initial investigation into the effect of 
group composition on the structure and composition of a causal loop diagram. 
Social network analysis was identified as a methodological approach that contains 
analytical tools that can quantitatively characterise the overall structure, and 
influential variables within a causal loop diagram, enabling quantitative 
comparison of causal loop diagrams. A final supplementary research question –
RQ2.2 – aimed to explore the effect of participant group on the structure and 
content of the diagrams. The use of social network analysis to identify influential 
variables within the diagrams also presented an opportunity to answer RQ2 
directly.
Research Question 2.2 asked: “What similarities or differences can be 
observed in causal loop diagrams constructed by independent groups from a 
xrepeat-methods group model building workshop, regarding the perceived 
community-level drivers of adolescent diet and physical activity?”
Methods:
RQ1: A cross sectional sample of 3,295 year 8 and 10 students was
recruited from 18 Victorian communities. Students were recruited using opt-out 
consent, resulting in a participation rate of 70.4%. Participants completed a 
supervised self-report questionnaire comprising the Moods and Feelings 
Questionnaire – Short Form, an assessment of physical activity and sedentary 
behaviours during and outside school, and weekly food intake. Surveyed 
covariates included hours sleep per night, age, socioeconomic status and measured 
anthropometry. A hierarchical regression analysis stratified by gender was 
conducted, with dichotomised SMFQ score as the outcome, and screen time, 
physical activity, and dietary patterns as predictors. Nested regression analyses 
were conducted to ascertain the variance in SMFQ score attributable to each 
significant predictor from the initial regression.
RQ’s 2, 2.1, 2.2: A group model building workshop was designed to 
generate community-led causal loop diagrams of the community-level drivers of 
adolescent physical activity and diet behaviours. Two participant groups (n=13 & 
n=14) were recruited, comprised of local government personnel, health service 
providers and secondary school teachers and students. Purposive sampling was 
initially used to recruit local government personnel, before snowball sampling 
was used based on the professional networks of local government participants to 
locate participants within health service providers and local secondary schools. 
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All participants provided informed consent. During two 90-minute sessions, each 
group developed causal loop diagrams of adolescent diet and physical activity 
behaviours in their community. 
Social network analyses (including the calculation of standard network 
metrics including model density, variable out-degree and variable betweenness-
centrality) were used to quantify and contrast the structural characteristics, and 
individual variables of influence within the two causal loop diagrams.
Results:
RQ1: Findings supported the existence of associations between physical 
activity, screen-based sedentary behaviour and diet pattern, and the likelihood of 
self-reported depressive symptomology among Victorian adolescents. 
Associations differed by gender; among male participants, attainment of physical 
activity guidelines was associated with a reduced likelihood of depressive 
symptomology (OR = 0.91, 95% CI [0.85, 0.97]), and adherence to an unhealthy 
diet was associated with a greater likelihood of depressive symptomology (OR = 
1.18, 95% CI [1.07, 1.32]). Among female participants, attainment of the screen-
based sedentary behaviour guidelines was associated with decreased likelihood of 
reporting depressive symptomology (OR = 0.95, 95% CI [0.91, 0.98]), and higher 
BMI-for-age Z-score was associated with increased likelihood of depressive 
symptomology (OR = 1.20, 95% CI [1.10, 1.32]). Effect sizes of individual 
associations were generally small. Overall, 21.5% of adolescents met the cut-off 
score for depressive symptomology.
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RQ2: Adolescent physical activity and dietary behaviour were strongly 
influenced by peer culture and social norms, technology use, individual level 
knowledge and education, time pressure, study pressures and engagement in 
school. Numerous feedback loops were identified in both causal loop diagrams, 
and many of the variables considered to be influential drivers were included 
within those feedback loops. Two examples of these loops included the 
reinforcing effect of celebrity culture on technology use and peer culture, and the 
reinforcing effect of the home food environment on adolescents cooking and meal 
preparation skills.
Discussion:
The main findings of RQ1 were that gender-specific associations existed 
between lifestyle behaviours and depressive symptomology among Victorian 
adolescents. Unhealthy diet and physical activity levels were associated with 
depressive symptomology in males, while screen-time was associated with 
depressive symptomology in females. Healthy diet had no significant impact on 
depressive symptomology for either gender. 
The main findings of RQ2 were that a rapid group model building 
approach was an appropriate method for creating community-led causal loop 
diagrams of the causes of adolescent lifestyle between two community groups. 
Analysis of the diagrams found that two independent stakeholder groups 
constructed causal loop diagrams in a similar way, and similarly perceived 
adolescent physical activity and diet behaviours to be strongly influenced by 
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sociocultural factors including peer culture, social norms, education, and 
technology use. 
The strengths of this this thesis included the high quality data that were 
collected and analysed under RQ1. The use of an opt-out consent process 
produced a high response rate among participants, and trained data collectors were 
used to collect direct-measured anthropometric data, and administer standardised 
survey tools. The design of the work which answered RQ2 was strong in its use of 
the established group model building “script” literature, and the experience of the 
team which delivered the workshops. The work presented here was also subject to 
some limitations. Although the surveys used to answer RQ1 were standardised, 
they were largely self-report measures and may be subject to several types of bias. 
The causal loop diagrams created under RQ2 were qualitative in nature and must 
only be interpreted in terms of the perceptions of the stakeholders who created 
them.
This thesis makes several contributions to knowledge. The study 
undertaken as part of RQ1 contributed high quality epidemiological evidence 
regarding gender specific associations (and the relative strengths of those 
associations) between lifestyle behaviours and depressive symptomology in 
Victorian adolescents. Previously, no such evidence was available for this 
population. Contributions made by the study undertaken for RQ2 included the 
rapid group model building approach, which was designed to generate insight into 
the complex drivers of lifestyle behaviour in multiple community settings. This 
methodology is appropriate for use at scale, in contrast to previously reported 
group model building approaches which are lengthy and are designed on a 
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“setting by setting” basis, limiting their utility in whole-of-population prevention 
activity. RQ2 also contributes a complex conceptualisation of the drivers of 
lifestyle-related risk factors for depression. Prior to the completion of this thesis 
there was no previous grounded logic model for the complex drivers of adolescent 
lifestyle risk behaviours in Victoria.
This thesis suggests that lifestyle-based prevention of depression should be 
considered a policy priority. The findings from RQ1 show that lifestyle 
behaviours are associated with depressive symptomology in adolescents, while 
RQ2 demonstrates a methodology that could be used at scale to generate insights 
into the complex drivers of these behaviours. Future population-level prevention 
activity should employ the group model building process that was demonstrated 
across multiple sites in order to deliberately engage and empower multiple actors 
across health and other community services fields to inform and drive local 
intervention strategies. The successful implementation of opt out consent in the 
epidemiological work undertaken as part of RQ1 strengthens the case for the 
feasibility and safety of large-scale “data monitoring” programs in Victoria, which 
are critical for supporting population-level prevention strategies.
Some unanswered questions and areas for future research are highlighted. 
Extending the work completed in RQ1, further examination of the lifestyle risk 
factor – depression association is required. Evidence currently does not satisfy the 
criteria for causality, although current evidence exists which refutes reverse 
causality. Future research extending on RQ2 is needed to determine a robust, 
repeatable method for communities to develop actionable programs on the basis 
of the insights generated by analysis of the causal loop diagrams. Further, work 
xv
may examine how to increase the accessibility of the group model building 
process, considering the “face to face” nature of the process, which may exclude, 
or prevent geographically isolated or marginalised community groups from 
participating.
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1Chapter 1: Introduction
The structure of this thesis is as follows: firstly, a literature review is 
presented in Chapter 2 that summarises and critiques the literature regarding 
adolescent mental health, the evidence for adolescent lifestyle behaviour as a 
potential target for population-level prevention of depression, and complexity 
science as a best practise approach to prevention. This critique is summarised in 
the form of a problem statement that underpins the thesis research questions, and 
the research presented in the body of the thesis. The literature review concludes 
with a formal statement of the aims and specific research questions investigated in 
this thesis. Chapter 3 presents a detailed description of the methodologies used to 
address the research questions and Chapters 4 to 6 present three publications 
describing the results of the research. Chapter 7 presents the discussion, which 
outlines the findings along with the strengths and limitations of the research, 
contributions to knowledge, implications, and future research directions. The 
thesis ends with a short conclusion in Chapter 8. Appendices are presented, 
following the references, at the end of the document.
The purpose of this chapter is to provide an overview of the literature 
review, aims and research questions, study methodologies, and the significance 
and contributions to knowledge made by the research presented in this thesis. The 
Deakin University requirements regarding the thesis by publication format are 
also described.
21.1 – Overview of Literature Review
The literature review begins with an introduction to the current prevalence 
and burden of mental disorders in the Australian population. The review 
highlights the importance of the adolescent period as a time in which mental 
disorders, particularly depression, emerge. Evidence regarding the various risk 
factors for adolescent depression are introduced and critiqued, with a primary 
focus on the modifiable risk behaviours, diet and physical activity. The review 
also critiques the current epidemiological evidence for the associations between 
diet and physical activity behaviours, and depression in the Australian context, 
identifying a gap in knowledge regarding strong epidemiological evidence that is 
generalisable to the Victorian adolescent population.
The literature review also presents a commentary piece (written by the 
candidate and published in BMC Psychiatry in 2014) that describes the need for a 
population prevention approach to adolescent depression, which targets 
modifiable lifestyle behaviours, and takes a complex systems approach to 
behaviour modification. The three predominant methodological approaches to 
complexity in population health research are contrasted, and System Dynamics is 
put forward as an approach that can engage communities, and generate insights 
into the complex drivers of adolescent diet and physical activity. Group model 
building, a participatory modelling methodology from the System Dynamics 
literature, is identified as an appropriate tool for engaging communities in the 
model-building process. The previous application of group model building to 
population health is examined, and gaps in the literature are identified regarding 
the complex drivers of adolescent diet and physical activity in Victoria, and how 
3quantitative analyses may be used to understand difference between the 
perceptions of different community groups.
1.2 – Study Aims & Research Questions
1.2.1 – Study Aims
The aims of this thesis are: 
1)  To establish the associations and relative contributions of adolescent 
physical activity and diet behaviours, singly and in combination, to the variance in 
depressive symptoms within male and female adolescents in Victoria,
2) To capture community perceptions of the complex drivers of physical 
activity and diet behaviour of Victorian adolescents,
2.1) To identify and implement a streamlined approach to group model 
building in order to create community-led CLDs of adolescent physical activity 
and diet behaviour drivers.
2.2) To quantitatively identify and compare the model-level and variable-
level characteristics of two CLDs of the community-level drivers of adolescent 
diet and physical activity behaviours.
1.2.2 – Study RQs
Each of the study aims given above was formalised into a research 
question, which the work presented in this thesis will seek to answer. The research 
questions which correspond to the thesis aims are:
4RQ1 - What are the associations and effect sizes attributable to physical 
activity time, sedentary behaviour, and diet pattern, on depressive symptomology 
outcomes in a sample of Victorian secondary school students?
RQ2 - What are the perceived community-level drivers, and feedback 
processes affecting adolescents’ diet and physical activity behaviours, from the 
perspective of adolescents and other community representatives in Victoria?
RQ2.1: Does the use of a rapid approach to GMB produce complex 
representations of the community-level determinants of adolescent physical 
activity and diet behaviours?
RQ2.2: What similarities or differences can be observed in CLDs 
constructed by independent groups from a repeat-methods GMB workshop, 
regarding the perceived community-level drivers of adolescent diet and physical 
activity?
1.3 – Overview of Study Methodologies
Two studies were developed to address the research questions outlined 
above: The Victorian Adolescent Lifestyle and Depressive Symptoms Study, and 
the Healthy Adolescent Lifestyles Mapping project.
1.3.1 - Victorian Adolescent Lifestyle and Depressive Symptoms Study
The Victorian Adolescent Lifestyle and Depressive Symptoms Study was 
a cross-sectional study collecting data from 3,295 year 8 and 10 students in 
5secondary schools in 18 Victorian communities. This study was set within the 
broader Healthy Together Children’s Evaluation, which measured overweight and 
obesity prevalence and a number of associated health behaviours and attitudes in 
primary and secondary schools across Victoria in 2014. Measures employed in the 
Victorian Adolescent Lifestyle and Depressive Symptoms Study included 
anthropometry, dietary, physical activity and sedentary behaviours, depressive 
symptomology, and demographic measures.
This work led to the publication: “Lifestyle factors and adolescent 
depressive symptomology: Associations and effect sizes of diet, physical activity 
and sedentary behaviour” which is presented in Chapter 4 of this thesis.
1.3.2 – Healthy Adolescent Lifestyles Mapping project
The Healthy Adolescent Lifestyles Mapping project was a group model 
building study examining community perceptions of local drivers of adolescent 
physical activity and diet behaviours in a Victorian community. Two independent 
groups comprised of local government personnel, health service providers, and 
secondary school staff and students created causal loop diagrams of the drivers of 
adolescent physical activity and diet in their community. Structural characteristics 
and influential variables within the diagrams were identified quantitatively using 
social network analyses, allowing comparisons to be drawn between the two 
groups’ causal loop diagrams.
This work led to two publications; “A Rapid Group Model Building 
Process for Understanding Determinants of Adolescent Lifestyle” presented in 
6Chapter 5, and “Comparing Multiple Stakeholder Perspectives on Complex 
Determinants of Adolescent Lifestyle Risk” presented in Chapter 6.
1.4 – Study Significance & Contributions to Knowledge
In this section, the significance of the two studies, and their contributions 
to knowledge are summarised. Detailed discussion of the contributions and 
significance of the studies are presented in Chapter 7.
1.4.1 - Victorian Adolescent Lifestyle and Depressive Symptoms Study
This study contributes new, robust epidemiological evidence on the 
associations between dietary and physical activity/sedentary behaviours, and 
depressive symptomology in a Victorian sample. Reported rates of depressive 
symptomology and lifestyle behaviours are also less exposed to response bias than 
much of the existing literature, owing to the use of an opt-out consent process. 
The use of opt-out consent in this study demonstrated the feasibility of large-scale 
“data monitoring” programs, which are important for informing and evaluating 
population-level prevention.
1.4.2 – Healthy Adolescent Lifestyles Mapping project
This study was the first to conceptualise the complex drivers of adolescent 
diet and physical activity behaviours at a community level in the Australian 
literature. The findings contribute new information about important drivers and 
feedback loops affecting adolescent physical activity and diet, which represent 
potential targets for intervention in the examined community. The group model 
7building approach used represented a streamlined approach designed for repeated 
use across multiple community groups with minimal time and resource burden. 
This was an advancement upon previous approaches in other research fields, 
where resource burden was high, and represented a barrier to engagement with 
community samples.
1.5 – Thesis Format
This thesis is presented in accordance with the Deakin University “thesis 
by publication” guidelines. Thesis by publication requirements stipulate the 
inclusion of four published, or publishable works. Of the four works, a minimum 
of two must be published or in press, with the remaining works being submitted 
for peer review at a scholarly journal. The work presented in this thesis meets 
these guidelines, with one published article presented in Chapter 2, a second 
published article presented in Chapter 4, and two articles currently undergoing 
peer review presented in Chapter 5 and Chapter 6.
Also in accordance with the Thesis by Publication guidelines, authorship 
declarations have been completed for each of the publications and manuscripts 
presented below. Authorship declarations are presented alongside the 
corresponding manuscripts throughout the thesis.
8Chapter 2: Literature Review
This chapter presents a critical review of the literature, which informs the 
research presented in this thesis. The literature review is presented in three 
sections, which are outlined here.
In section 2.1, the review examines mental health, in particular depression 
and depressive symptomology as an area of significant and growing concern for 
adolescent wellbeing. Current evidence regarding the role of adolescents’ lifestyle 
risk behaviours, physical inactivity/sedentary behaviour and poor nutrition, in 
influencing mental health is also reviewed, and the lack of high-quality studies 
which are applicable to the Victorian setting is identified. The first publication of 
the thesis explores the established obesity prevention literature for insights into 
how these risk behaviours might best be modified in adolescence. Findings 
included that lifestyle risk behaviours may be described as “complex problems” 
requiring a systems-based approach to modify.
In section 2.2, the concept of complexity is introduced, and adolescent 
physical activity/dietary behaviours compared against criteria for a complex 
problem. The three most common methodologies for analysing complex problems 
are reviewed and, of these, System Dynamics is posited as a useful suite of 
quantitative and qualitative tools for understanding the causes of complex health-
related problems and identifying intervention targets. Methods by which 
community stakeholders may contribute novel, and community-specific insights 
to a System Dynamics model of complex lifestyle behaviour drivers are reviewed.
9In section 2.3, the reviewed literature is summarised, and the knowledge 
gaps and thesis aims are formalised as research questions that will be investigated 
in the remainder of the thesis.
2.1 – Mental Health and Lifestyle Risk
2.1.1 – Mental Health: Prevalence, Impact and Comorbidity
Mental health is more than the absence of mental disorder. Mental health 
is defined by the World Health Organization as: “a state of well-being in which 
the individual realises his or her own abilities, can cope with the normal stresses 
of life, can work productively and fruitfully, and is able to make a contribution to 
his or her community” (1). Significant departures from this state are 
conceptualised as mental disorder. The current edition of the Diagnostic and 
Statistical Manual of Mental Disorders classifies a mental disorder as a “clinically 
significant disturbance in an individual’s cognition, emotion regulation, or 
behaviour that reflects a dysfunction in… underlying mental functioning… 
usually associated with significant distress or disability…” (2).
The largest survey on mental disorder epidemiology in Australia is the 
Australian Survey of Mental Health and Well Being, for which assessments were 
taken in 1997 and 2007 (3). Few other countries have survey data of comparable
size over a 10-year interval (4). The 2007 survey included 8,841 Australians aged 
16-85 and reported that 45.5% (95% CI [44.1, 46.9]) of Australians had suffered 
some form of mental disorder during their lives (3). The survey estimated that 
15.0% (95% CI [14.1, 16.0]) of the Australian population in 2007 had experienced 
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affective disorders (i.e. depression, dysthymia, or bipolar disorders), and 26.3% 
(95% CI [24.9, 27.6]) had experienced anxiety disorders (i.e. generalised anxiety 
disorder, post-traumatic stress disorder, and social phobia, among others). 
Population prevalence estimates from the Australian Survey of Mental 
Health and Well Being were regarded to be of high quality, due to the use of well-
validated structured clinical interviews (3). However, some have suggested that 
the high rate of major depression found may still be an underestimate, due to
either measurement error (5) or the use of household sampling, which precludes
minorities such as homeless or incarcerated individuals, who are more likely to 
experience mental disorders (6).
Evidence suggests that mental disorders across many diagnostic categories 
are prevalent in the Australian community; however the depressive disorders and 
anxiety disorders are of particularly high prevalence. As such, depression and 
anxiety are often described as the “Common Mental Disorders” (CMDs) (7, 8).
Recent burden of disease studies have provided some insight into the population-
level impacts of these disorders. An analysis of data for 291 diseases across 187 
countries, found that depression accounts for 2.5% of all disability adjusted life 
years (DALYs) worldwide (9). The total burden of depression was the 11th highest 
cause of DALYs of any measured disease in the study and accounted for the 
highest number of years lost to disability. The same analysis found that anxiety 
disorders accounted for 1.1% of global DALYs. 
Despite ongoing debate, there is a significant body of evidence suggesting 
that the CMDs are increasing in prevalence. A large, population-adjusted study of 
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disease prevalence from the 2013 Global Burden of Disease Study data estimated 
a caseload of 253,314,000 for major depression in the 188 countries for which 
data were available (10). This represented a significant raw increase of 53.43% in 
case numbers since 1990 (95% CI [49.05, 58.91]), which remained significant, 
although reduced in magnitude after adjustment for growth in population and 
change in age distribution (adjusted increase = 4.24%; 95% CI [2.37, 6.17]). The 
same study reported major depression to be among the top three causes of years 
lived with disability in 146 countries. 
A recent study of disability adjusted life years attributable to major
depressive disorder (also from the Global Burden of Disease study) indicated an
increase from 870 DALYs per 100,000 (95% CI [651, 702]) in 1990 to 917 
DALYs per 100,000 (95% CI [693, 1174]) in 2010 (9). This represents a 5.4% 
increase in the burden of disease attributable to major depression over the span of 
the study. It has been suggested, however, that this increase may be a function of 
the continuing decrease in DALYs attributable to infectious and other acute
diseases over the same period (11). Until recently, major depression which was 
comorbid with more acute conditions may have resulted in a masking effect, 
resulting in underestimation of the burden of disease caused by depression. Birth 
cohorts followed since the early 20th century have also demonstrated increased 
lifetime risks and earlier ages of depression onset (12-15). An analysis of cross-
sectional studies by the Cross-National Collaborative Group found an increase in 
rates of depression in various countries including the U.S.A., Germany, Italy 
France, Lebanon, New Zealand, Canada and Taiwan. These studies also revealed 
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that younger people were more likely to report a history of depression than those 
born before World War II (16).
A significant number of depression and anxiety sufferers experience 
severe comorbidities, with estimates suggesting that between 15% and 75% of 
adolescents with depression also suffer from anxiety (17). Analysis of 
comorbidity in Australian sufferers found 51% (95% CI [42.6, 59.5]) of affective 
disorder sufferers also have suffered comorbid manic episodes, suicide attempts, 
severe role impairments or very low Global Assessment of Functioning scores (3).
The burden to the individual is also significant, with studies demonstrating a 
lower quality of life for CMD sufferers (QoL 4.19; SD = 1.29) as compared to 
non-sufferers (QoL 5.39; SD = 0.86) (18).
2.1.2 – Mental Health in Adolescence
A US study of lifetime CMD prevalence found that 25% of major 
depressive disorder cases had their onset by age 19 and 25% of generalised 
anxiety disorder cases had their onset by age 20 (15). The study sample was 
notably strong in its use of structured clinical diagnostic interviews, but relied on 
participant recall for age of disorder onset. Recall bias may have affected the 
accuracy of this recall, however the authors suggested that this may have delayed 
the estimated age of onset, and that true onset age may in fact be earlier. Findings 
from other studies support this hypothesis: the US National Comorbidity Survey 
Replication (Adolescent Supplement) reported that the average age of onset for 
anxiety was 6 years of age, and that the average age of onset for depression was 
13 years of age (19). Figure 1 below, adapted from the Australian Survey of 
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Mental Health and Well Being (3), shows 12-month prevalence of mental disorder
among Australians in 2007. This graph supports the suggestion that adolescence is 
a peak period for mental disorder, as 16-24 year old males and females 
demonstrated higher prevalence of mental disorder than any other age group. 
Figure 1: 12-Month Prevalence of Mental Disorder by Age Group in Australia 
(adapted from (3)).
2.1.3 – Adolescent Development and Mental Health Risk Factors
Although previous research has identified many deterministic factors 
related to the development of CMDs, such as genetic influences (20, 21) and 
familial heritability (22), there are further modifiable risk factors in the social and 
behavioural domains which increase the risk of adolescent depression. Reviews 
have identified substantial evidence of associations between frequency and 
quantity of alcohol consumption, drug use, and dieting behaviour and increased 
Male 
Female 
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adolescent depression risk, while healthy diet and adequate sleep appear to be 
protective against depression risk (23). Further evidence suggests associations 
between media use and increased adolescent depression, and physical activity and 
positive coping strategies with reduced depression risk, although the evidence is 
less conclusive (23).
Risk factors for depression associated with pleasurable or rewarding 
behaviours in adolescence are particularly meaningful in the context of 
“psychological remodelling” (24). Alongside the various physical changes which 
take place (including rapid body growth/development (25), sexual development 
and maturity (26)), many important developmental changes take place in the 
developing adolescent brain, affecting psychology. Early in adolescence, the 
limbic and sensorimotor cortices mature, before the later maturation of the 
prefrontal and dorsolateral cortices (27). This results in a developmental period 
where adolescents experience greater pleasure from risk-taking and pleasure-
seeking activities, before these behaviours are eventually attenuated by the 
maturation of the prefrontal and dorsolateral cortices, which regulate self-control 
and executive planning (27).
This psychiatric explanation of the shift towards more pleasurable 
behaviours during adolescence is consistent with observational studies; Alberga et 
al (28) reported decreases in positive lifestyle related health behaviours during the 
transition into adolescence, with reductions in diet quality and increases in screen-
based sedentary behaviours such as TV viewing, computer gaming, and internet 
usage. Further studies examining the transition from adolescence into adulthood 
have reported tracking of these health behaviours into later life. A recent study of 
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US adolescents found that health promoting and non-health promoting dietary 
habits track strongly from adolescence into early adulthood, regardless of initial 
weight status (29). A study of German adolescents investigating tracking of 
physical activity behaviours over time found that overall sports participation also 
tracks from adolescence into early adulthood (30).
The behavioural outcomes of the transition from childhood to adolescence, 
and from adolescence to adulthood form a strong case for the modification of 
lifestyle-related health behaviours during adolescence. This is a period marked by 
significant brain development, which drives a period of plasticity in adolescents’ 
health behaviours. Although these behaviours undergo change during the 
adolescent period, the evidence discussed above suggests that the transition into 
adulthood ends this plasticity, and the behaviours that are exhibited late in 
adolescence become habituated into adulthood.
In Section 2.1.4 below, the first publication of this thesis, entitled 
“Lessons from Obesity Prevention for the Prevention of Mental Disorders: The 
Primordial Prevention Approach” is presented. This publication presents the case 
for the use of diet and physical activity as potential lifestyle targets for the 
prevention of CMDs during adolescence. A potential direction for lifestyle-based 
CMD prevention is examined within the context of the obesity prevention 
literature, which provides a significant body of evidence regarding best-practise 
for adolescent physical activity, sedentary, and dietary behaviour change.
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2.1.4 – Thesis Publication I “Lessons from Obesity Prevention for the Prevention 
of Mental Disorders: The Primordial Prevention Approach”
This section contains the first publication of this thesis, an examination of the role 
of lifestyle-based prevention in the prevention of mental disorders, and a 
reflection on the lessons for such prevention which may be taken from the obesity 
prevention literature. Presented in this section is the authorship declaration, 
completed in accordance with Deakin University’s requirements for thesis by 
publication, followed by the publication itself.
This paper addresses the research questions: “What are the relationships between 
modifiable lifestyle risk factors and common mental disorders?” and “What are 
the characteristics of successful lifestyle-based prevention approaches from the 
obesity prevention literature?”
This piece was published by BMC Psychiatry in September 2014.
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Abstract
Background: Emerging evidence supports a relationship between risk factors for obesity and the genesis of the
common mental disorders, depression and anxiety. This suggests common mental disorders should be considered
as a form of non-communicable disease, preventable through the modification of lifestyle behaviours, particularly
diet and physical activity.
Discussion: Obesity prevention research since the 1970’s represents a considerable body of knowledge regarding
strategies to modify diet and physical activity and so there may be clear lessons from obesity prevention that apply
to the prevention of mental disorders. For obesity, as for common mental disorders, adolescence represents a key
period of vulnerability. In this paper we briefly discuss relationships between modifiable lifestyle risk factors and
mental health, lifestyle risk factor interventions in obesity prevention research, the current state of mental health
prevention, and the implications of current applications of systems thinking in obesity prevention research for
lifestyle interventions.
Summary: We propose a potential focus for future mental health promotion interventions and emphasise the
importance of lessons available from other lifestyle modification intervention programmes.
Keywords: Obesity prevention, Common mental disorders, Prevention, Intervention design, Complex intervention,
Systems
Background
The common mental disorders (CMDs) depression and
anxiety, are now presenting as major global public health
problems. Recent burden of disease studies have attributed
as much as 7.4% of global disability adjusted life-years to
mental and behavioural disorders, with 2.5% attributable
to major depressive disorder (MDD) alone [1]. Although a
matter of some contention, the available data suggest an
increase in the prevalence of CMDs [2], particularly in
young people [3,4]. Importantly, recent evidence from
large-scale prospective cohort studies suggest that physical
inactivity and unhealthy diet, are related to the genesis of
the CMDs [5-8].
The World Health Organization (WHO) framework for
the causes of noncommunicable disease (NCD) proposes
that physical inactivity and unhealthy diet are among the
key modifiable lifestyle risk behaviours that underlie most
NCD’s [9]. Recently, there has been an increasing focus on
the potential for, and importance of, taking a preventive
approach to mental disorders [10] and authors have sug-
gested that programs which also view CMDs as lifestyle-
informed NCDs, with population-level lifestyle modification
components, may be useful in the prevention of CMDs
[11]. In order to elucidate lessons for future CMD preven-
tion, this commentary briefly discusses the relationships
between modifiable lifestyle risk factors and CMDs, char-
acteristics of successful preventive approaches to obesity
that are of relevance to the prevention of mental dis-
orders, and the role of systems thinking in strengthening
lifestyle risk factor interventions.
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Discussion
Modifiable lifestyle risk factors and common mental
disorders
Since 2009 emerging literature has demonstrated the
importance of diet quality to the CMDs [11,12]. For
example, the most recent meta-analysis in this field has
reported a 30% reduction in the risk for depression in
those with high adherence to a Mediterranean dietary
pattern (RR = 0.68, 95% CI = 0.54–0.86), [13] while a
‘healthy’ diet pattern is also associated with a reduced
likelihood of depression (OR: 0.84; 95% CI: 0.76, 0.92)
[14]. Although dietary data to date have been largely
observational in nature, a recent large-scale European
intervention supports the contention that targeting diet-
ary improvement can prevent some cases of CMDs [15].
Knowledge regarding the contribution of physical inactiv-
ity to depression risk has also increased; a recent sys-
tematic review with 30 included studies concluded that
physical activity was negatively associated with a risk of
subsequent depression [16]. Individual studies show that
as little as 10–29 minutes of daily physical activity may be
adequate to reduce relative risk of clinical depression in
women (RR = 0.9; 95% CI: 0.84 - 0.96) [7]. A recent review
by Sarris et al. [17] examined in detail the evidence for the
use of lifestyle modification as a clinical treatment strategy
for depression. The report concluded that physical activity,
diet, and a range of other lifestyle factors (including
mindfulness-based meditation, sleep regulation, social in-
teraction and others) show clear relevance not only for the
clinical management of depression, but also for potential
population-level mental health promotion. These findings
support the contention that diet and physical activity are
shared risk factors for many physical and mental disorders
and suggest that targeting lifestyle behaviours may be an
effective strategy in the prevention of mental disorders.
Modifiable lifestyle risk factors in obesity prevention
Obesity prevention research now has a 25-plus year
history of targeted lifestyle behaviour interventions,
beginning in the 1980’s [18]. The “core” of the obesity
problem has long been conceptualised as the result of
prolonged energy imbalance, driven by the same lifestyle
risk factors discussed in relation to CMD above (phys-
ical inactivity and unhealthy nutrition). Recently, obesity
prevention research has begun to understand the com-
plex nature of the relationships and interdependencies
between physical inactivity and unhealthy nutrition,
concluding that these behaviours can be resistant to
change if targeted in isolation [19]. Recent work in the
obesity prevention field therefore provides valuable in-
sights into how CMD prevention may similarly target
these lifestyle risk factors and in this paper we examine
this in relation to a particularly high risk time of devel-
opment; that of adolescence.
Waters et al. [20] have reviewed the childhood obesity
prevention intervention literature focusing on studies
including controlled designs since 1997. The most recent
update included 55 obesity interventions that took place
between 1993 and 2010. The review located 8 inter-
ventions which specifically targeted 13–18 year olds, and
reported that all programs targeted physical activity out-
comes, and that six of the eight targeted a range of
nutrition-related targets. Several studies within this sub-
group reported significant increases in the measured life-
style outcomes, with three studies reporting significant
dietary improvements [21-23] and five studies reporting
increased indicators of physical activity [21,24-27],
however in some interventions these effects were not
sustained over time [23].
Some key limitations were noted within these studies.
The majority of the evidence reviewed was derived from
interventions with short-term funding, based on strat-
egies that optimally require long-term funding support
for effect longevity (school-based programs requiring
direct funding from investigators, etc.). Accordingly, the
overall effectiveness of these interventions was modest
(−0.15 (95% CI −0.21, −0.09) BMI-z points, [20]). Leaders
in obesity prevention suggest these modest results reflect
a failure to anticipate the complexity of drivers of popu-
lation lifestyle behaviours, the potential plasticity of risk
factors when addressed in isolation, and post-intervention
effect dropoff. The review noted that the most promise
seems to lie with programs which comprehensively target
multiple risk factors, coupled with psychosocial support
and environmental change [20].
A second theme emerging from obesity prevention is
the Community Capacity Building (CCB) approach, an
innovative method of developing sustainable skills, re-
sources, and organisational structure, around a shared
health promotion goal, within the community itself [28].
This approach addresses complex, interrelated risk factors
by using broad community engagement to tailor interven-
tion approaches to the specific set of social and environ-
mental circumstances that exist within that community.
There have been recent interventions drawing on this
framework, including the “It’s Your Move” (IYM) project
in the Barwon South-West region of Victoria, Australia
[29]. The intervention focussed on community engage-
ment to foster flexible intervention strategies across
multiple community sectors and organisational levels.
The program was deemed to have successfully reduced
overweight and obesity in adolescents, and although some
nutritional behaviours remained unchanged, the program
did observe increases in active transport in the inter-
vention group [29]. Recent analysis suggested that
schools which had large increases in readiness for change
throughout the intervention demonstrated significant BMI
decreases at followup [30].
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Complex interventions in CMD prevention
The importance of taking complex, multi-component
approaches to prevention is also increasingly recognised
in CMD research. A review by Weare and Nind highlighted
several characteristics of successful school-based mental
health promotion programmes, finding that universal
programmes, which are embedded within the school
curriculum and culture, as well as build teacher cap-
acity and knowledge, and involve the wider commu-
nity, have demonstrated a wide range of benefits to
children’s mental health, social, and educational out-
comes [31].
An Australian example of this approach was the
Gatehouse Project, a group randomised trial employed
to address risky health behaviours and improve emotional
well-being in secondary school aged children [32]. This
approach embedded strategies within the school curri-
culum to improve students’ emotional management and
interpersonal communication skills, while promoting in-
clusiveness within the classroom. This intervention was
successful in reducing risky health behaviours, including
substance use and antisocial behaviours. Although this
intervention was not successful in directly reducing
students’ symptoms of emotional problems [33], the com-
plex strategies employed to achieve improvements in risky
health behaviours in this study have been adopted widely
around the globe in both high and low income settings.
Existing observational data on Australian adolescents sup-
ports the contention that using such multi-component,
integrated strategies to address lifestyle-related behaviours
may result in positive benefits for mental health outcomes
in this age group [5,34].
The systems perspective: new frameworks for working at
scale
As understanding of the complexity of lifestyle risk
factor interventions has increased, prevention science is
observing a gradual shift from individual risk-factor ap-
proaches, through multiple risk-factor approaches,
community capacity and multi-level approaches, to a
recent emphasis on systems thinking as a framework for
addressing complexity.
The systems perspective acknowledges not only the
existence of the multiple causal factors which drive com-
plex health problems, but highlights their interrelated
and “dynamic” associations as an important consider-
ation for any intervention program [35]. Systems think-
ing has gained some traction is obesity research, being
highlighted as the underpinning theory behind popula-
tion level intervention programmes in Victoria, Australia
[36]. The lack of significant inroads into preventing
either obesity or CMDs in adolescence supports the
need for an alternate approach more able to deal with
these complex drivers.
Summary
A systems perspective, which posits that complex prob-
lems lack simple or obvious solutions, shows that preven-
tion efforts must be based in a deeper understanding of
the dynamic complexity of modifiable lifestyle risk-factors
[19,35]. Current complex, multi-component approaches
to CMD prevention have had mixed success but show
promise for further development. To capitalise on lessons
learned from the obesity prevention sphere, significant
collaboration with existing complex population-level life-
style interventions appears critical.
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2.1.5 – Lifestyle Risk Factors and Adolescent Depressive Symptomology
Section 2.1.4 above, in justifying the use of adolescent diet and physical 
activity behaviours as lifestyle prevention targets, describes the state of the 
literature that has examined the associations between adolescents’ diet, physical 
activity, and sedentary behaviours, and their depressive symptomology.
While a number of studies have examined either the association between 
adolescent diet and depressive symptomology, or the association between 
adolescent physical activity/sedentary behaviour and depressive symptomology, 
there is a lack of studies that have examined the effect of both of these behaviours 
in the same analysis. Further, some studies do not stratify analyses by gender, 
despite the existence of findings demonstrating gender differences in the 
associations between markers of lifestyle health and mental wellbeing (31). Of the 
studies that have examined the diet-depression relationship, and physical 
activity/sedentary behaviour relationships in the Australian setting, only one study 
has reported on both associations simultaneously. Hoare et al conducted a 
longitudinal analysis of adolescents in a school-based intervention study in the 
Australian Capital Territory (32), finding that males who were inactive at 
baseline, and remained inactive at follow-up reported a higher level of depressive 
symptomology than their active peers by 2.5 points out of a 26-point depressive 
symptomology scale (b = 2.55, 95% CI [0.78, 4.32]). For female adolescents, 
those students who increased their takeaway food consumption from “monthly or 
less” to “weekly or daily” between baseline and follow-up also showed a higher 
level of depressive symptomology than their peers who maintained a “monthly or 
less” level of consumption (b = 1.82, 95% CI [-0.05, 3.71]). 
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The study by Hoare et al (32), while methodologically rigorous, was based 
on a sample collected for an intervention evaluation study which was confined to 
schools within the Australian Capital Territory, the smallest Australian state or 
territory, which is the second least populous being comprised of one urban centre 
with a population of approximately 393,000 (33) and a land area of approximately 
2,350km2 (34). Hoare et al also acknowledged potential respondent bias with an 
initial follow-up response rate of 74.5% from an initial response of 56.6% (32).
The sample analysed by Hoare et al was drawn from a region dissimilar in both 
size and population to the rest of Australia, and was designed to evaluate an 
intervention programme, rather than to measure health outcomes across a whole 
population. This limits the generalisability of the findings reported by Hoare et al 
to the Victorian population, which is the second largest of any state or territory 
(5.99 million residents) and occupies a land area almost 100 times larger than that 
of the ACT (~227000km2 vs ~2350km2) (34), notwithstanding the potential 
impact of response bias.
It is important to note that much of the literature in this area is associative, 
and it is therefore difficult to rule out reverse causality. Examples from the 
literature have reported that depressive symptoms may be considered a cause of 
low levels of physical activity (35) while other studies have reported that 
depression leads to poor diet, sedentary behaivour and low physical activity, due 
in part to the lack of self-efficacy experienced by depressed adolescents (36).
Despite this apparent conflict, one study by Jacka et al has tested and appears to 
refute the reverse causality argument in the relationship between diet and 
depression (37). It appears likely that there may be a number of distinct causal 
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pathways between adolescent lifestyle behaviours, obesity, and depressive 
symptomology.
2.1.6 – Summary of Section 2.1 and Statement of Thesis Aim 1
Depression affects nearly 1 in 6 Australians (3), and is becoming more 
prevalent over time (9, 10, 12-15). Depression emerges early in the life course, 
especially during adolescence (3, 15, 19). Although many depression risk factors 
are non-modifiable (20, 22), many behavioural and social factors (including drug 
and alcohol use, lack of sleep, poor diet, and physical inactivity) are implicated in 
depression risk (23) and appear to increase during adolescence (28).
Growing evidence regarding the relationship between physical activity, 
diet, and depression has led to the assertion that these behaviours should be 
pursued as lifestyle targets for the prevention of depression (38). Although several 
studies have explored these relationships, only one Australian study has explored 
the physical activity-depression, and diet-depression relationship in the same 
analysis (32), and this study is not generalisable to the Victorian adolescent 
population. To address this gap in understanding, the thesis aim 1 was formulated:
Aim 1: To establish the associations and relative contributions of 
adolescent physical activity and diet behaviours, singly and in combination, to the 
variance in depressive symptoms within male and female adolescents in Victoria. 
To this point, the literature review has been concerned with the 
relationship between lifestyle behaviour and depressive symptomology during 
adolescence, which Aim 1 seeks to address. Recently, there has been a shift in the 
prevention science literature (as discussed in Section 2.1.4) towards the use of 
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complex methodologies to better understand and attenuate risk factors for disease. 
Section 2.2, below, commences an examination of these complex methodologies, 
and how they can be applied to lifestyle risk behaviours in adolescence to better 
support and inform the prevention of adolescent depressive symptomology.
2.2 – Complexity and Adolescent Lifestyle 
The commentary piece in Section 2.1.4 above summarised the lessons 
from the obesity prevention literature, for adolescent physical activity and diet-
based prevention of depression. 
Section 2.1.4 concludes with the argument that effective strategies to 
modify adolescent physical activity and diet behaviours need to be based on a 
complex approach. This approach should allow system elements to be identified 
and responded to at multiple levels, acknowledge unique local contexts and 
settings, build capacity and readiness for change within communities, and 
maximise the degree to which programmes can be “embedded” within the existing 
health system (39).
This section of the thesis will introduce the concept of “complexity 
science” in more detail, present the three dominant methodologies which are used 
to explore complex problems in the population health literature, and establish an 
appropriate methodological approach by which useful insights into the complex 
determinants of adolescent physical activity and diet behaviours may be 
efficiently generated and analysed.
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2.2.1 – Complexity Science
Although there is no universally agreed definition for what constitutes 
complexity science, it is an approach that broadly aims to understand how the 
behaviour of a system is affected by the interaction of its constituent parts (40).
This approach to understanding systems has been increasing in popularity within 
the population health literature, and has been described as a perspective which 
may offer new insights into problems previously considered intractable at a 
population level (41). In light of the growing popularity of this perspective, with 
its focus on the interactions between system “parts” some have described 
reductionist analytical approaches as over-simplifications of the causes of ill-
health (42, 43). Reductionist approaches, whilst valuable for their statistical 
integrity, and high internal validity, have been criticised for assuming that the 
components of a system operate predictably, and independently of the broader 
system in which they are embedded (40). The complex systems perspective 
suggests that it is this failure to acknowledge the system within which a 
determinant is embedded that has hampered previous efforts to improve some 
population health problems (44).
In a review of previous efforts to define the core features of a complex 
system, Ladyman, Lambert & Wiesner identified seven core characteristics of 
“complexity” from the literature, being; nonlinearity, feedback, spontaneous 
order, robustness & decentralised control, emergence, hierarchical organisation 
and numerousity (45). While other attempts to define complexity have focussed 
on less tangible concepts, such as “human ignorance” (46), the list presented by 
Ladyman et al (45) provides a definition of complexity which can at least be 
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compared against the population health literature, and encapsulates many of the 
core characteristics of complexity suggested by other authors (40, 47, 48). Table 1 
provides a summary of the definitions of each of the characteristics of complexity 
offered by Ladyman et al (45).
Notably, Ladyman et al do not assert that a problem must satisfy every one 
of their complexity criteria to “be complex”, due to the poor consensus in the 
literature regarding how to define complexity. However, feedback, and 
numerousity (the existence of many, interacting system elements) are posited as 
particularly important to the characterisation of a problem as complex (45).
Feedback is a prominent focal point for the complex systems literature 
(45), and is addressed by each of the complexity science methodologies 
commonly used in the population health literature (49). System Dynamics (which 
will be introduced in more detail in following sections) employs a modelling 
methodology which is particularly well-suited to communicating feedback 
processes (50). As represented using the conventions of System Dynamics, 
feedback occurs where a sequence of causally connected variables form a closed 
circuit, or loop. Where feedback loops occur, a change in one variable triggers a 
consequent change throughout the loop, which magnifies (reinforcing loop), or 
reduces (balancing loop) the initial change. Examples of reinforcing and balancing 
feedback loops are given below in Figures 2 and 3, using System Dynamics 
notation.
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Table 1: Ladyman et al’s (45) characteristics of complex problems.
Characteristic Definition
Nonlinearity Systems are non-linear where the “superposition 
principle” (that the response of a system to two or 
more elements in combination is proportional to the 
response to those elements in isolation) does not 
apply. Small changes in the “micro-level” system 
elements may lead to disproportionately large 
“macro-level” outcomes.
Feedback Feedback occurs where a part of the system interacts 
with another part of the system, in a way that is 
affected by the outcomes of its previous interactions 
with the system. 
Spontaneous Order System behaviour arises from the aggregated effects 
of a very large number of uncoordinated interactions 
throughout the system.
Robustness & Lack of 
Central Control
System behaviour is not produced by a central or 
“key” set of elements which can be easily 
manipulated. Complex behaviour is also robust to 
perturbations throughout the system.
Emergence Emergence is demonstrated where patterns or 
outcomes arise from the interaction of system 
elements, but where the interacting system elements 
do not display those patterns or outcomes.
Hierarchical 
Organisation
Hierarchical organisation occurs where the system 
elements appear to be organisable into several 
distinct groupings, which interact with both the 
“level” above and “level” below. 
Numerousity Systems have numerousity if there is a high number 
of elements to the system, and the elements are 
engaged in many interactions.
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Figure 2 shows a reinforcing loop (denoted by the “R” loop symbol in the 
centre of the figure), containing four variables; “Participation in sport,” “Social 
connectedness with teammates,” “Perception of sport as a stress reliever,” and 
“Enjoyment of sport”. This loop describes the non-linear relationship between 
sports participation and the enjoyment of sports as a source of social support and 
stress relief. In this loop, an increase in participation in sport causes social 
connectedness with teammates to increase. As social connectedness with 
teammates increases, an individual’s perception of sport as a stress relieving 
activity increases, as they associate participation with the support they receive 
from their peers. As perception of sport as a stress reliever increases, enjoyment 
of sport increases, as the individual begins to value the stress relieving benefits of 
sport, which in turn reinforces the amount of sport that the individual participates 
in.
Figure 2: Example of a Reinforcing Feedback Loop
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Figure 3 shows a balancing loop (denoted by the “B” loop symbol in the 
centre of the figure), which also contains four variables; “Consumption of junk 
food,” “Weight gain,” “Health related concern,” and “Dieting behaviour”. This 
loop describes the non-linear relationship between junk food consumption and 
weight gain. In this loop, an increase in junk food consumption causes weight 
gain. As weight increases, an individual’s concern for the state of their health 
increases, as they notice the increase in their body weight. As individuals’ 
concerns about their health increase, dieting behaviour increases, as the individual 
attempts to slow or reverse the rate at which they are gaining weight. As dieting
behaviour increases, the initial consumption of junk food is decreased, balancing 
the feedback loop.
Figure 3: Example of a Balancing Feedback Loop
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2.2.2 – Adolescent Lifestyle Behaviours as a Complex Problem
While complexity science promises a new and innovative approach to 
examining health-related problems, the systems perspective is not useful for all 
problems (51). It is important to establish that the problem under investigation 
demonstrates characteristics of complexity. In Table 2, Ladyman et al’s criteria 
for complexity (45) are compared against evidence from the literature to affirm 
that adolescent diet and physical activity are complex problems. 
2.2.3 – Lenses for Complexity
Just as there is no unified definition of the term “complexity science”, 
there is no single methodology used to study all complex problems. Within the 
population health literature an array of methodologies are used, however the 
majority of studies typically employ one of three approaches: System Dynamics, 
Agent Based Modelling or Social Network Analysis (49). In the following 
sections (2.2.3.1 – 2.2.3.4) these approaches are introduced and contrasted.
2.2.3.1 – System Dynamics
System Dynamics is an approach to modelling the many, interrelated 
determinants that drive a complex problem. A recent narrative review of the 
practice suggested that the core pursuits of System Dynamics are best 
characterised as: the identification of all sources of influence over a situation or 
problem; and the understanding of the specific interactions and interrelationships 
between these sources of influence (52). This is usually achieved through the 
creation of graphical models, examples of which are included in Figures 4 and 5, 
below. 
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System Dynamics models are represented as a network of variables and 
causal linkages, and feature a combination of three types of variables, and two 
types of connections (50). Variable types include stock variables (representing the 
accumulation or draining of some quantity of interest), flow variables (that define 
the rate at which a stock variable accumulates or drains), and auxiliary variables 
(any other causal factor). Connection types include “constant flows” which 
represent the movement of quantity in or out of a stock variable, as determined by 
the flow variables, and “information links” which represent a generic causal 
relationship between auxiliary and flow variables. Information links are shown 
with a “polarity” denoted by a plus (+) sign where the causal association is 
positive, and a negative sign (-) where the causal association is inverse.
Diagrams which use all five of these elements are referred to as “stock and 
flow diagrams.” An example stock and flow diagram is given in Figure 4. Stock 
and flow diagrams are particularly useful for precise simulation, particularly 
where the outcomes of interest are tangible amounts or quantities of an entity, 
resource, or attribute (50).
Diagrams may be created using only auxiliary variables and information 
links. These models are known as Causal Loop Diagrams (CLDs) and are 
frequently used in qualitative applications (see Figure 5). The simplified form of 
CLDs makes them particularly effective for clearly demonstrating nonlinearity 
and feedback loops, and communicating ideas about complexity to stakeholders. 
CLDs may also be produced more quickly than stock and flow diagrams (50).
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Figure 4: Example of a System Dynamics Model – Stock and Flow Diagram 
Figure 5: Example of a System Dynamics Model – Causal Loop Diagram with 
Feedback Highlighted (adapted from (58))
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Figure 4 shows a simple stock and flow diagram describing the spread of 
infectious disease through a population. The two stock variables – susceptible 
population, and infected population (shown inside rectangular boxes) describe the 
number of individuals within a population who are susceptible to the disease but 
not currently infected, and the number of individuals who are currently infected. 
In a stock and flow diagram, individuals move between these stocks, at a rate 
determined by the flow variables (shown as “pipes” between the stock variables). 
New individuals can enter into the system at a specified rate through the flow 
variable “births,” leading to an accumulation of susceptible individuals. The 
“source” for births is represented by a cloud symbol, as the whereabouts of 
individuals prior to their birth is of no consequence to the model, which 
investigates drivers of the spread of infectious disease. Similarly, individuals can 
leave the system via the flow variable “death” which removes a given number of 
individuals per unit of time from the stock of susceptible individuals. Individuals 
may also die due to the infectious disease, which removes a number of individuals 
per unit of time from the stock of infected individuals. Again, clouds are used to 
represent the destination of these individuals, as the question of where individuals 
go after death is not consequential in this model. 
The rate variable “Infection rate” defines the number of individuals per 
unit of time who move from the susceptible population and accumulate in the 
infected population. As the stock of infected individuals grows, the variable 
“Exposure to infected individuals” increases, due to the increasing number of 
interactions between those who are infected and those who are susceptible. This 
increase in exposure further increases the initial infection rate per unit of time, 
38
representing a reinforcing feedback loop that speeds up the spread of disease as 
the prevalence grows.
Similarly, as the stock of infected individuals increases, public concern 
over the severity of the disease increases, spurring investment in better treatment 
of the disease. Over time, this increases the recovery rate, which moves 
individuals back into the susceptible but uninfected population stock as better 
treatment options lead to more effective treatment of the disease. 
Figure 5 shows a CLD, describing the system which affects decisions to 
act on a system, and the intended and unintended outcomes that can arise as a 
result of action (58). This CLD is characterised by its restriction to using auxiliary 
variables, and information links only. The diagram describes the variables that 
affect the decision-outcomes system, and specifies causal linkages between each 
of these variables. The diagram describes how a gap between the perceived state 
of the system and the desired (or “goal”) state leads to an increase in planned 
actions to reduce the gap. An increase in planned actions leads to the 
implementation of actions, which brings about a change in the state of the system. 
As changes in the system are perceived by the intervenor, the “gap” which was 
meant to be reduced, may be seen to either shrink or grow depending on the 
success of the intervention, which leads to either an increase or decrease in future 
planned actions. Alongside this process, the CLD also shows that changes in the 
actual state of the system can lead to “ramifying effects” or results of actions 
which were not intended. These ramifying effects can simultaneously reduce the 
intended impact of planned action, or create unintended actions, which dampen 
the intended change in the system state. The CLD contains several feedback 
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loops, which are emphasised in the model by the emboldened blue arrows. The 
largest feedback loop encompasses seven variables, and is a reinforcing loop 
flowing clockwise around the diagram. This loop is indicated by a capital “R” 
inside a clockwise arrow, which is located in the centre of the loop. Two other 
feedback loop labels indicate balancing loops, a three variable clockwise loop in 
the middle left of the diagram, and a four variable counter-clockwise loop in the 
lower centre.
CLDs emphasise the visual representation of feedback loops. As shown in 
Figure 5, a single CLD may contain a number of feedback loops, many of which 
can overlap, sharing common variables and causal connections. From a theoretical 
perspective, System Dynamics takes the position that the behaviour of a system is 
largely determined by the interplay of the various feedback loops which affect it 
(59). Over time, different feedback loops may have greater or lesser effects on an 
outcome of interest, depending on the state of the rest of the system. Studies from 
the System Dynamics literature identify generic places to intervene in any system, 
based on the identification of feedback loops, and other structural aspects of 
System Dynamics models (60). Many quantitative System Dynamics studies 
examine “loop dominance” in systems, seeking to identify the set of loops which 
are most influential in determining the behaviour of a system (61).
Quantitative System Dynamics models typically employ stock and flow 
diagrams, and are analysed as a set of simultaneous equations. Each model 
variable is defined as a function of the other model variables that causally affect it, 
producing a set of simultaneous equations that determine the overall behaviour of 
the system (49). The ability of System Dynamics (both CLDs and stock and flow 
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diagrams) to create models containing many variables also makes it a useful 
approach for modelling systems with determinants at multiple organisational 
levels (i.e., proximal, intermediate and distal determinants) (49). System 
Dynamics models are also useful for demonstrating the complexity of a system to 
its stakeholders (62). Stakeholders also commonly participate in the model-
building process, particularly in the creation of CLDs (63) which provides a 
framework for the inclusion of stakeholder knowledge and perceptions within a 
System Dynamics model. 
The identification of an appropriate scope for a System Dynamics model 
represents one limitation of the approach. System Dynamics models are prone to 
the inclusion of excessive detail (50), which increases the difficulty of developing 
a simulation model, particularly in stock and flow diagrams, and may reduce the 
usefulness of CLDs where communication is one of the desired outcomes. The 
visual complexity of System Dynamics models can also present a barrier to clear 
communication of insights about complex systems, particularly with stock and 
flow diagrams where many of the model conventions require explanation to 
understand and feedback loops are harder to identify (50). Finally, model 
validation is difficult in System Dynamics – even where simulation models 
produce behaviours consistent with historical data, it is difficult to know if the 
behaviour in reality is caused by the same mechanisms as those defined in the 
model (50).
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2.2.3.2 – Agent Based Modelling
Agent based modelling (ABM) quantitatively simulates the behaviour of 
individual agents within a bounded space, over time (49). In ABM, behaviour is 
simulated at the micro or agent level by defining the internal characteristics of 
each agent, as well as the ways in which the agent will respond to the simulated 
space, and other agents. During simulation, behaviour is observed at the macro, or 
population level, allowing for emergent patterns in agent behaviour to be observed 
(64).
One advantage of ABM is that actors’ behaviour at the macro level can be 
represented using graphical visualisations. Figure 6 shows the visualisation from a 
small ABM in which two groups of actors were programmed with the goal of 
moving past each other in opposite directions through a hallway (65). The Figure 
gives four snapshots of the visualisation, firstly the features and dimensions of the 
simulated hallway space, followed by the state of simulated actor behaviour at 
three time points (time = 0, 10, and 15 seconds). Actors’ characteristics are shown 
according to shading (grey actors move left to right; black actors move right to 
left). Based on the micro-level simulation defining actors’ goals (to move in a 
specified direction through the hallway), the visualisation demonstrates the 
emergence of a macro-level pattern of behaviour among actors: the formation of 
“columns” of actors as the groups move past one another in order to reach the far 
end of the hallway. Further examples of the applications of ABM in the 
population health literature include models of tuberculosis spread (66) and the 
effect of built environments on neighbourhood walkability (67).
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Figure 6: Example of an Agent Based Model Output Visualisation (adapted from 
(65))
ABM allows researchers to test various methods of intervention through 
repeated simulations under different conditions (68). Comparison of different 
intervention strategies via simulation allows various scenarios to be tested, and is 
a strength of ABM where experimentation is not possible. For example, ABM has 
been used to optimise building design for evacuation efficiency and injury 
prevention during emergencies (69).
When programming an ABM it is rare that a set of micro-level equations 
that are consistent with measured data and evidence will also produce emergent 
properties of the system which are consistent with observed phenomena (68).
Typically, researchers must either prioritise an “evidence-based” approach that 
may produce difficult to interpret or spurious emergent behaviours, or introduce 
assumptions regarding agent characteristics in order to produce an ABM that 
faithfully recreates observed complex phenomena. ABM outputs are also difficult 
to interpret where the number of causal factors is large, which can lead to the 
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necessary exclusion of some known explanatory factors from the model. Such 
exclusion can expose the approach to challenges on the validity of its outputs. 
This has led to suggestions that findings from ABMs should be considered as 
essentially qualitative, even in well-developed models (68).
ABM is further limited by its inaccessibility to non-experts. Visualisations 
produced by ABMs communicate the emergent behavioural patterns demonstrated 
by agents, but the causal factors which give rise to the behaviours are only visible 
at the code level. ABM is optimised for testing hypothesised interventions, rather 
than for identifying new intervention targets; the approach allows potential 
intervention strategies to be tested once a degree of confidence in the outputs of 
the simulation model has been reached, but there is little in the ABM literature to 
suggest how ABMs may be used to identify potential points of intervention.
2.2.3.3 – Social Network Analysis
Network analysis is an approach to modelling complex systems based on 
sets of interconnected nodes. In network analysis, models analyse how nodes 
influence, and are influenced by, the other nodes with which they share a specified 
connection (49). Within population health research, NA is often applied to the 
investigation of social structures, and is referred to as “Social Network Analysis” 
(SNA) (70).
SNA is an approach for investigating the influence of social structures on a 
problem of interest. Whereas individualist approaches (such as ABM) are 
focussed on the properties of the individual, SNA investigates the degree to which 
social ties between individuals are related to an outcome of interest (68). SNA 
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typically investigates one of two network types; “ego” networks which investigate 
the social connections centred around one entity of interest, or “global” networks 
which investigate all relationships between all entities within a specific context 
(71).
Social network graphs contain two key elements - “nodes” that represent 
social entities, and “edges” which represent social connections. Nodes are often 
coded using shapes or colours to differentiate the characteristics of entities within 
the network. Edges may be either “undirected” if a social connection is 
functionally identical for both entities (i.e. co-workers, romantic partners) or 
“directed” if there is an asymmetry to the connection (i.e. news anchor and 
viewer, author and reader). Figure 7, below, contains an example of an undirected, 
global network graph, representing organisational structure within a company 
(72). In this diagram, colour denotes the department that an individual belongs to, 
and shape differentiates managers (diamonds) from frontline employees (circles). 
The diagram illustrates the connections between the managers and their teams, 
revealing that in some cases employees did not have a direct relationship with 
their own manager (as seen in the green team), and some managers (as seen in the 
blue team) had more connections with other teams than with their own. 
SNA can be used to examine a number of aspects of a network, including 
indicators of the overall network structure, such as model density (the proportion 
of all possible connections that are actually present), path length (average number 
of edges required to connect any two nodes), and average number of edges per 
node. SNA may also be used to characterise the nature of relationships between a 
set of nodes, and quantify the potential influence of a given node within the 
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network, identifying nodes that are connected with a higher proportion of other 
nodes in the model, or nodes that represent intermediaries, essentially “bridging”
large numbers of other nodes within the network (71). These network or node 
level outcomes may be compared against measured outcome data, in order to 
examine the effect of a social network on a given outcome (68). Applications of 
SNA in population health research have included studies of the influence of 
school social structures on obesity outcomes (73), the effects of professional 
relationships on evidence-based practise adoption among health practitioners (74),
and the influence of friendship structure on general health among disadvantaged 
children living in supported housing (75).
Figure 7: Example of a Social Network Analysis Diagram (adapted from (72))
A strength of SNA is that it can be used to analyse the effect of a highly 
structured, precisely defined social network on a given outcome. Participants 
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require no particular specialisation to be able to provide accurate data on their 
own social relationships, which lends a high degree of face validity to the 
approach. SNA can identify the structural characteristics of entire social networks, 
as well as the relative influence of individual entities within networks. This allows 
SNA to address research questions at different levels, including how the structure 
and composition of entire social groups is related to an outcome, and how key 
individuals within networks may be related to the diffusion of an outcome 
throughout a social network.
SNA is subject to some limitations – primarily the approach focuses on 
the effect of interpersonal relationships, to the exclusion of individual 
characteristics, environments and settings, or time. Social network data is also 
difficult to generalise due to the precise focus on specific social groups. This 
limitation also necessarily cannot be overcome using techniques such as 
randomisation, as randomised individuals may not share any social connections, 
and sampling of large population groups is generally not feasible due to the time 
and resource burden required to collect complete network data from large 
participant groups (68).
2.2.3.4 – Comparison 
Of the three methodologies described above, this section will argue that 
System Dynamics is particularly well suited to offer insights into the drivers of 
adolescent lifestyle behaviours, and identify potential targets for population-level 
intervention design. 
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Section 2.2.2 presented evidence supporting the argument that adolescent 
diet and physical activity can be characterised as complex problems. According to 
Ladyman et al, important features of complexity include nonlinearity, feedback, 
and numerousity (45). Evidence from the population health literature was 
presented which affirms that a number of these characteristics are observable in 
adolescent physical activity and dietary behaviours. Of particular note was the 
evidence regarding the numerousity of diet and physical activity, with the study 
by Butland et al describing well over 100 variables that directly and indirectly 
affect these behaviours (57).
When considering the complex methodologies presented above, System 
Dynamics appears most suitable for investigating adolescent lifestyle behaviours 
based on their numerousity, as System Dynamics aims to identify “all sources of 
influence” over a problem (52). ABM, by comparison, calls for a parsimonious 
approach to model building, focussing on a small number of explanatory factors 
(49), which may necessitate the exclusion of some known determinants from the 
model. Where determinants of diet and physical activity are excluded from a 
model, they will necessarily also be excluded from any conclusions regarding 
possible intervention or prevention strategies simulated by an ABM. SNA is also 
restricted to the analysis of social relationships. While peer and social networks 
are known determinants of adolescent lifestyle behaviours, they represent only 
one facet of the numerous determinants of adolescent lifestyle. 
Evidence from the obesity prevention literature suggests that physical 
activity and diet-focussed intervention strategies are most successful where they 
adopt a community-based, capacity-building approach (76). Stakeholders working 
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with complex problems commonly participate in the model building process in 
System Dynamics, and evaluation of participatory System Dynamics modelling 
projects suggest that stakeholder participation in System Dynamics modelling 
increases participant capacity to understand and respond to complexity in health 
problems (77). This aligns with criteria of community capacity and readiness for 
change from obesity prevention studies (78). By contrast, ABM requires 
specialisation in modelling techniques and computer programming, and is 
therefore less amenable to participatory approaches. SNA can produce social 
network graphs using survey data collected from participants, however there is no 
suggestion in the literature that participation in the creation of a social network 
graph builds understanding or capacity around complex systems.
A further strength of System Dynamics within the context of prevention 
science is the solution-oriented nature of the methodology, in comparison to ABM 
and SNA. Although ABM is able to simulate the behaviour of a system over time, 
its main goal is to create an in-silico experimentation space for emergent 
behaviours among agents. The successful creation of an ABM does not, in itself, 
produce any actionable insights into potential interventions for a system. 
Hypothesis generation after the creation of the ABM is required, in order to create 
testable intervention scenarios. Further, SNA creates a framework for quantifying 
the effect of social networks on a complex outcome, but does not, in itself, 
generate any actionable insights for intervention. System Dynamics, with a focus 
on system structure as a driver of complex problems, suggests common structural 
characteristics within System Dynamics models which represent intervention 
targets. Examples of these are given in Donella Meadows’ influential publication 
49
“Places to Intervene in a System” (60). System Dynamics therefore represents a 
hypothesis-generating methodology, as the approach provides both a method to 
conceptualise a complex system, and a method to identify potential intervention 
targets to respond to it.
Based on these factors, System Dynamics is a promising methodological 
approach to begin to address the gap in knowledge regarding practical approaches 
to inform intervention design that acknowledge complexity, build capacity and 
readiness for change within communities, and embed responses within existing 
health systems.
System Dynamics offers analytical tools based on a complex approach, 
and allows system elements to be conceptualised at multiple levels, while 
providing a framework for the identification of potential intervention points 
within the existing complex system.
The knowledge gap described above also cites the need for an approach 
that acknowledges local contexts and settings, and strengthens capacity and 
readiness for change within communities. Although System Dynamics modelling 
as an academic exercise does not directly address these needs, they may be 
addressed using participatory modelling methods from the System Dynamics 
literature. An approach to facilitated stakeholder participation in the construction 
of System Dynamics models, called group model building, will be presented in 
the following section.
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2.2.4 – Group Model Building
Group model building (GMB) is a practical tool from the System 
Dynamics literature that provides a structured, workshop-based process by which 
stakeholders can participate in the creation of a System Dynamics model – most 
frequently a causal loop diagram (CLD) (79). Where CLDs are informed directly 
by stakeholders, they are generally accepted to be a representation of participants 
“mental models” – defined by Doyle and Ford as an internally held representation 
of the perceived structure of an external system (80)
The practise of including stakeholders in the model development process 
has existed since the 1980s (81), however well into the late 20th century, the 
approach was ill-defined, with no unifying “taxonomy of approaches” to describe 
a formal process by which to engage stakeholders in model creation (82). It was 
not until 2012 that a system for formalised reporting of GMB methods arose in the 
literature with the publication of GMB scripts, a standardised framework for 
reporting and sharing GMB methods (63).
Scripts are used to created GMB workshops by joining complementary 
scripts together, with each script describing one activity or “part” of the overall 
workshop (63). Each activity, as defined by its script, completes a necessary step 
in the CLD building process, such as identifying model variables, identifying 
complex interconnections, or reviewing and expanding upon progress from 
previous activities. Scripts also clearly identify the required inputs and outputs of 
each activity, to ensure consistency in the workshop procedure and consistent, 
efficient development of the CLD. The largest current resource for GMB scripts is 
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the “Scriptapedia” database created by Hovmand, Rouwette, Anderson, 
Richardson and Kraus (83).
GMB has been applied broadly within the health-related literature. 
Publications describe various GMB workshops developing CLDs to support the 
planning and design of responses to environmental damage caused by transport 
infrastructure development (84), health priority setting in the New Zealand 
Ministry of Health (85), and strategies to increase adherence to occupational 
health and safety guidelines in Australian drilling and mining industries (86).
Further afield, GMB has been used to identify drivers of urban redevelopment 
(87), boost recruitment and retention of New Zealand army personnel (88) and 
support the development of policies for sustainable fisheries (89).
Efforts to evaluate the effectiveness of GMB are still in their infancy, 
however one study has found that the GMB process appears to improve capacity 
to appreciate, and respond to complexity among individuals who participate in 
GMB workshops (62). Other evaluations of the GMB process have found that 
participants see the resulting CLDs as fair representations of their own 
perceptions, as well as the perceptions of other participants. This suggests that 
participants feel that the GMB process adequately captures the complexity of a 
problem, as it is perceived by all participants who are involved in the model-
building process (77). Other studies have suggested that GMB also produces 
models that are more likely to stay closely related to the desired topic, and contain 
less unrelated or extraneous information than other decision processes (90). GMB 
is also believed to lead to group decisions and actions which are rated more 
positively by participants than decisions reached by other methods (62), however 
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there remains an ongoing need to formally evaluate the actual effectiveness of 
actions arising from GMB as compared to other methods.
These are important strengths of the GMB process in light of the 
importance of community capacity building as one of the recommendations for 
best practise in population-level lifestyle prevention. Community capacity 
building can be defined as the ability of a community to identify, address, and 
respond to health problems (78), and building this capacity can be achieved by 
equipping communities with skills and resources to address the problem, and 
generating commitment to actions (91, 92). The improvement in participants’ 
ability to recognise and act in response to complex systems conferred by 
participation in GMB, as well as the potential improvement in the quality of, and 
engagement with, decisions and actions means that the GMB process is closely 
aligned with the goal of building community capacity concerning complex health 
problems.
Section 2.1.4 outlined that effective strategies to modify adolescent 
physical activity and diet behaviours need to be based on a complex approach 
which allows system elements to be identified, and responded to at multiple levels 
– which is achievable using the System Dynamics approach to modelling complex 
systems. The use of GMB and involvement of community stakeholders in model 
construction provides for the acknowledgment of unique local contexts and 
settings, and appears to build capacity and readiness for responding to complex 
problems within workshop participants. The creation of models that are specific to 
a given community also means that intervention ideas can be identified, and 
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responses can be embedded within a conceptualisation of the existing health 
system for that community.
2.2.5 – Previous SD Approaches to Lifestyle Behaviour
A small group of studies from the obesity prevention literature report on 
GMB and other System Dynamics modelling approaches to understanding the 
complex drivers of lifestyle related disease. No studies to date have reported 
directly on the complex drivers of adolescent physical activity and diet behaviours 
– the nearest examples from the literature have viewed these behaviours indirectly 
through the lens of childhood obesity (93, 94) rather than adolescence. Despite the 
focus on a different age group, and an indirect perspective on diet and physical 
activity, the studies are important to acknowledge, as the findings and limitations 
of previous research may inform a more refined approach to address the 
knowledge gap identified above.
The Foresight obesity model represented an early effort to understand the 
sources of influence behind the obesity epidemic in the United Kingdom (95). The 
programme did not represent a group model building project in the form described 
above, but involved a collaboration of more than 300 childhood obesity experts to 
create a causal loop diagram of all causes of obesity in the United Kingdom.
The resulting CLD, named the “Foresight Obesity System Map” (shown in 
Figure 8), contained over 100 variables grouped into seven thematic clusters.
Clusters included food production and consumption, individual and social 
psychology, individual physical activity and the physical activity environment, 
and physiology. The project aimed to improve the United Kingdom government’s 
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understanding of the complexity of the obesity epidemic, as well as deliver a 
qualitative tool that could be used to assist policy makers to define and test policy 
options (57).
Since its publication, authors in the obesity prevention literature have 
reflected on the Foresight map’s influence in steering obesity prevention research 
away from “ineffective single intervention approaches” (95), and the realisation 
that these previous approaches were likely never well positioned to create 
meaningful impacts on childhood obesity (96, 97). Reviews of obesity-related
policy in Australia and New Zealand (98), and the United Kingdom (99) identify 
the Foresight map as a source of influence over subsequent policy decisions. 
The initial success and influence of the Foresight map can be examined 
within the context of Hovmand’s “hierarchy of systems insights” framework (51).
The hierarchy of systems insights describes the different types of insights that 
System Dynamics modelling can generate, and which modelling approaches best
support the generation of those insights (see Figure 9) (51). The systems insights 
are listed, ranging from surface level (concepts such as “there is a system”, and 
that system components “are related through feedback”) through to moderate level 
insights (how systems can be transformed through the addition or modification of 
feedback loops, or what kinds of generic “system archetypes” can be useful for 
exploring systems) and deep system insights (identification of dynamics structure 
which produce the system behaviour, where the precise leverage points for 
intervention are, and understanding the counterintuitive characteristics of the 
system). The right-hand column of the diagram describes the modelling 
approaches best suited to producing these insights.
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Figure 9: Level of System Insight and Complementary Modelling Approaches
(adapted from (51))
Surface level insights may be developed by adopting simple modelling 
approaches such as small or partial system models. These models use the same 
conventions as CLDs, but focus on a small number of key variables and causal 
links, excluding stocks, flows and rate variables. For moderate insights, 
qualitative causal loop diagrams are typically required (described here by 
Hovmand as “informal causal maps”). At the level of deep insights, simulation 
models are required, typically in the form of fully quantified stock and flow 
diagrams, which require significant time and expertise to develop. 
The overall impact of the Foresight model suggests that it successfully 
generated insights at the surface level. For example, the subsequent discussion of 
the shortcomings of single-strategy obesity prevention (95) shows an increased 
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awareness of the existence of a complex obesity system, and that the many parts 
of the obesity system were interdependent, and subject to feedback. 
Despite these successes, the Foresight model was not effective at the 
moderate insight level, despite its closer resemblance to a CLD than a partial 
system picture. This may be due to the extreme visual density of the model, and 
the fact that the model does not follow generally accepted conventions for 
presenting CLDs, such as the use of uniformly curved lines to accentuate 
feedback loops, and the minimisation of “crossovers” in the causal connections 
(100). Although the visual density of the model implies interconnection and 
feedback, the actual examination of causal structure within the model is difficult. 
A further limitation of the Foresight model was the construction based on 
stakeholder views from national experts, who were set the task of defining a 
model that represented the entire United Kingdom (57). This “top down” 
approach to model building means that the Foresight map does not capture any 
information about specific community contexts or settings, and many of the 
variables that are included in the model are effectively non-modifiable, including 
“individualism”, “genetic or epigenetic predisposition to obesity” and “social 
depreciation of labour”. This led to some criticism of the Foresight map, based on 
the difficulty of visually interpreting the model content, and the lack of modifiable 
or locally relevant insights. One journalist wrote that the top-down, macro-level 
focus of the model fostered no new ideas except “the banal point that the many 
factors that contribute to obesity all influence each other” (101). The criticism is a 
further demonstration of the importance of engaging stakeholders in the modelling 
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process, in order to capture information about local contexts and environments 
and ensure that the model provides insights that are relevant and actionable. 
Subsequent studies have made significant progress towards overcoming 
these limitations by adopting the GMB approach introduced in the previous 
section. Two recent examples of GMB studies that were related to lifestyle health 
presented CLDs of obesity causes in both individual communities (93) and in 
large multi-site projects (94). Allender et al (93) conducted a series of GMB 
workshops with community stakeholders in a regional Victorian community to 
develop a CLD of childhood obesity drivers. By constructing a community-led 
CLD, Allender et al were able to create a diagram that was sensitive to local 
contextual factors. For example, the diagram identified cultural problems in local 
sporting clubs acting as a barrier to sports participation in children. The framing 
of the workshops as an investigation of childhood obesity determinants at a local
level also produced more modifiable content within the model, providing a 
community sensitive resource that could form the basis for local planning of 
systemic obesity prevention responses.
Brennan et al (94) employed a GMB approach to create community-led 
CLDs of childhood obesity causes. As part of the evaluation of a large, 49-
community childhood obesity intervention program, the research team held GMB 
workshops in each of the study communities. Between 2010 and 2014, 
stakeholder groups were convened in each community, and each stakeholder 
group participated in a one-day GMB workshop. CLDs created by this workshop 
process were “compiled” by the researchers into a general model that represented 
the perceptions of the entire 49-community cohort of participants. The researchers 
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highlighted feedback loops found in the CLD as important contributing factors to 
childhood obesity in the study communities.
The studies by Allender et al (93) and Brennan et al (94) demonstrate the 
capacity for GMB to produce insightful representations of the perceived drivers of 
lifestyle-related health problems at a community level. Both studies, however, 
only address the drivers of physical activity and diet behaviour via their 
relationship to obesity in children, and are subsequently only indirectly related to 
the health behaviours and age group being considered in this thesis. 
This led to the development of the second aim of the thesis:
Aim 2: To capture community perceptions of the complex drivers of 
physical activity and diet behaviour among Victorian adolescents.
2.2.6 – Applicability of the GMB Process to Multi-Site Intervention Design
Although GMB has previously been employed to capture community 
perceptions regarding the drivers of complex health problems (such as in the 
GMB studies by Allender et al (93) and Brennan et al (94)), studies are yet to 
examine how GMB might be applied in larger, multi-setting prevention 
programmes. The best practise recommendations for lifestyle-focused prevention 
discussed in section 2.1.4 state that in addition to being guided by complex 
frameworks which conceptualise the system at multiple levels, building 
community capacity, and acknowledging local contexts, successful lifestyle-based 
prevention strategies must operate across multiple settings, using a range of 
intervention strategies (39, 102). While Systems Dynamics and GMB are based in 
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the theory of complexity, appear to build capacity among participant groups, and 
can be used to generate insights that are relevant to local contexts, it is less clear 
whether the GMB process is appropriate or feasible to deploy in multiple settings 
as a tool to inform prevention strategies in multi-site projects.
No studies thus far have explicitly addressed this application of GMB, 
however Brennan et al’s (94) study of childhood obesity determinants in 49 
communities, represents a conceptually similar project. As described above, 
Brennan et al conducted a series of one-day GMB workshops to evaluate policy 
changes following a 7-year, multi-site intervention programme, however the 
context of Brennan et al’s study as an evaluation programme means that it may 
not directly translate to the goal of informing intervention design.
Brennan et al’s (94) evaluation process was conducted under the banner of 
a large intervention programme, and was therefore able to leverage existing 
relationships between the researchers and community stakeholders to recruit 
participants into the GMB workshops. The use of GMB to inform intervention 
design at the outset of a new intervention program would necessitate the 
recruitment of stakeholders with whom researchers are yet to develop a 
relationship. In the absence of pre-existing relationships between participants and 
researchers, time commitment is a significant barrier to engagement in community 
populations (103), and guidance from the GMB literature suggests that up to 10 
hours of pre-workshop engagement per participant group may be required to 
generate sufficient “buy-in” among potential participants where relationships are 
yet to be established (51). For many multi-setting intervention programmes, due 
61
to these time and resource costs, such a requirement would become unfeasible as 
the number of intervention sites increases. 
Given the prevention focus of the work presented in this thesis, in order to 
address aim 2 (capture community perceptions of the complex drivers of physical 
activity and diet behaviour among Victorian adolescents) in a way that is 
translatable to best-practise prevention, a GMB approach that minimises the time 
burden of participation is required. This informed aim 2.1 of this thesis, which 
revolved around the creation of a GMB process that allows for the capture of 
community perceptions regarding the complexity of adolescent lifestyle 
behaviours, while meeting the practical constraints of multi-site prevention 
activity discussed above. Aim 2.1 of the thesis is given below:
Aim 2.1: To develop a streamlined approach to GMB in order to create 
community-led CLDs of adolescent physical activity and diet behaviour drivers.
2.2.7 – Quantitative Analysis of Causal Loop Diagrams
Typically GMB is a process with a recommended group size of between 5 
and 17 participants (51). Both Allender et al, and Brennan et al, utilised groups of 
approximately this size in the construction of their childhood obesity CLDs (93, 
104). Although the group numbers in these workshops are small the models are 
presented as a representation of perceived drivers of obesity within the whole 
community. 
However, low participant numbers in this process challenge the 
representativeness and generalisability of the CLDs beyond the small number of 
participants who were “in the room” when these maps were created. This issue 
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has been raised as a limitation in both applied GMB studies (93), and in 
theoretical discussions (105). In practical terms, the use of samples of 5-17
participants in community-based GMB studies means that only a small proportion 
of the community are represented, and that CLDs created by a small group may be 
inconsistent with the perceptions that are held by the broader community. Should 
this be the case, CLDs created by small groups should not be generalised as 
representations of community perceptions or used as a basis for planning or 
evaluating community responses to complex problems, as they have been in the 
literature (93, 94). Despite the theoretical importance of this issue, it has not been 
investigated in the GMB literature. Further work is required to examine the 
influence of different participant groups on CLD content. 
In order to address this concern, a method for the comparison and 
contrasting of multiple CLDs is required. The comparison of CLDs will allow for 
a preliminary investigation into whether CLD structure and content are highly 
dependent on the composition of the group that created it, or whether perceptions 
of population-level health problems are consistent enough across communities 
that CLDs created by small samples are similar in content and structure.
To date only one study has proposed a methodology for analysing 
differences between CLDs (106). The approach employed Venn Diagrams to 
identify common variables between CLDs, but was restricted to the identification 
of common variables across multiple CLDs. The use of Venn Diagrams prevents 
the approach from accounting for the causal connections between variables, which 
give rise to the structural characteristics of CLDs and underpin much of the theory 
of System Dynamics. There is therefore a gap in knowledge regarding methods 
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for quantitatively comparing multiple CLDs, using methods that account for both 
the variable content of the model, and the structural characteristics of the model.
Social Network Analysis techniques and recent advances in computing 
power now make it possible to quantify the contents and structure of CLDs. As 
introduced in section 2.2.3.3, Social Network Analysis is typically used to analyse 
social structures, and the influence of social interactions on an outcome of 
interest. At its core, however, SNA represents a suite of analytical tools which can 
be used to analyse networks of connected nodes, and in doing so can identify 
structural characteristics of entire networks, as well as individual nodes of 
influence within networks, based on their relative position within the network. 
McGlashan et al (107) applied these SNA techniques to an obesity CLD to 
provide a quantitative summary of the overall characteristics of the model. 
McGlashan et al outlined a number of SNA measures which could be translated 
into quantitative descriptions of different aspects of a CLD. Quantitative 
outcomes included measures of the average causal connections per variable in the 
CLD, the proportion of possible causal linkages which exist in the model (i.e. 
number of causal linkages in the model relative to the number of causal linkages 
which would be present if every variable was connected to every other variable), 
the relative influence of a given variable on other variables within the model, and 
the identification of important “moderator” variables, which featured on important 
causal pathways through the CLD.
The ability of the SNA technique to quantify the overall characteristics of 
the CLD, as well as the influence of individual model variables makes SNA an 
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ideal method for comparing multiple CLDs. This gave rise to thesis aim 2.2, 
which is presented below.
Aim 2.2: To draw on SNA techniques to quantitatively identify and 
compare the model-level and variable-level characteristics of two CLDs of the 
community-level drivers of adolescent diet and physical activity behaviours.
2.2.8 – Summary of Section 2.2 and Statement of Thesis Aims 2 – 2.2
Current understanding suggests that maximising success in lifestyle 
behaviour modification requires approaches which acknowledge complexity, 
build community capacity, and seek novel approaches to understanding 
interconnected drivers of lifestyle behaviour (39).
“Complexity” is poorly defined in the literature, however one review 
asserts that complex problems demonstrate a number of defined characteristics 
(including nonlinearity, feedback, and hierarchical organisation) (45), which are 
consistent with observations regarding adolescent diet and physical activity 
behaviours (53-57). Several analytical approaches can be used to explore the 
causes of complex problems (49), however System Dynamics represents a 
suitable approach to investigate the complex determinants of adolescent lifestyle 
behaviours.
System Dynamics modelling is amenable to the inclusion of stakeholders 
in model development using a process called group model building (GMB) (50).
GMB, a highly structured participatory modelling practice, is an effective 
approach for stakeholder-led modelling (51). Evaluation studies suggest that 
GMB promotes capacity for change within stakeholder groups (62), and the 
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process represents a novel approach to understanding the complex drivers of 
adolescent diet and physical activity behaviours (55). Currently, no studies have 
applied GMB methods to understand the drivers of lifestyle behaviours in 
adolescents in Australia. In order to address the gap in understanding regarding 
the complex drivers of adolescent physical activity and diet behaviours, the 
second aim of this thesis was proposed:
Aim 2: To capture community perceptions of the complex drivers of 
physical activity and diet behaviour of Victorian adolescents.
Despite the successful use of GMB in obesity and other population health-
related studies, studies are yet to examine how GMB might be applied in larger, 
multi-setting prevention programmes. While evidence supports GMB as a tool for 
building complex representations of health problems, and building community 
capacity, it is less clear whether the GMB process is feasible at scale in the 
context of informing intervention targets in multi-site prevention projects 
requiring multiple workshop processes in different settings.
One example from the literature has reported on a multi-site GMB project 
that involved 49 separate workshop groups, however these workshops were 
executed over multiple years as part of an intervention evaluation. The study also 
drew on existing relationships with community groups, which would not exist 
prior to an intervention program. Given the significant time and resource burdens 
involved in GMB recruitment where there is no pre-existing community 
engagement, this approach would be inappropriate for use as a tool for informing 
intervention design in multiple sites. Given the prevention focus of the work 
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presented in this thesis, and in order to address thesis aim 2 in a way that is 
translatable to best practise for prevention, a GMB approach that minimises this
time and resource burden is required. This informed aim 2.1 of this thesis:
Aim 2.1: To identify and implement a streamlined approach to GMB in 
order to create community-led CLDs of adolescent physical activity and diet 
behaviour drivers.
GMB is typically a “small-group” process involving between 5 and 17 
participants (51). Low participant numbers in this process challenge the 
representativeness and generalisability of the CLDs beyond the participants who 
directly contributed to them (93, 105). In practical terms, the use of small groups 
in community-based GMB studies means that only a very small fraction of the 
community is represented, and the perceptions of a small group may differ from 
that of the broader community. This assertion has not been investigated in the 
literature.
In order to address this concern, a methodology is required which allows 
for the comparison and contrasting of multiple CLDs from groups in repeat-
methods GMB studies. Comparison of CLDs in this way will allow for an initial 
investigation into whether the content of CLDs is highly dependent on the 
sampling frame, or whether CLDs created by small groups contain similar 
content. Social Network Analysis (SNA) techniques and recent advances in 
computing power make it possible to quantify the contents and structure of CLDs. 
SNA provides analytical tools which can be used to identify structural 
characteristics of a whole CLD, as well as individual variables of influence within 
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a CLD, based on relative position within the model. SNA represents a promising 
method for comparing multiple CLDs, and by extension providing some insight 
into the variability of a CLD attributable to the particular participant group that 
constructed it. This gave rise to thesis aim 2.2, which is presented below.
Aim 2.2: To quantitatively identify and compare the model-level and 
variable-level characteristics of two CLDs of the community-level drivers of 
adolescent diet and physical activity behaviours.
2.3 – Problem Statement
2.3.1 – Summary of Critical Literature Review and Aims
The literature review above began by reviewing the current evidence 
describing the scope and severity of depression and depressive symptomology 
among Australian adolescents, and its associations with poor diet and physical 
inactivity. The first section of the review highlighted a gap in the Australian 
literature examining the associations between adolescent diet and physical activity 
behaviours and depressive symptomology. Currently, there are no studies 
investigating the associations of diet and physical activity, and depressive 
symptomology that are generalisable to the Victorian adolescent population.
The literature review also examined the literature regarding current best 
practise recommendations for population-level physical activity and diet 
behaviour modification. In light of the current recommendations that intervention 
strategies should acknowledge complexity, operate in multiple settings and 
68
contexts, build community capacity, and seek new approaches to understanding 
the interconnected drivers of lifestyle behaviour, the predominant methodologies 
for studying complex population health problems were reviewed. Of the three 
most often used methodologies, System Dynamics was found to be an adaptable 
and accessible approach to modelling complex problems. System Dynamics 
includes a participatory modelling practice, group model building, which can be 
used to identify intervention targets, and engage community members in the 
creation of complex models.
Previous examples of the application of Systems Dynamics and group 
model building to population health issues were reviewed, and knowledge gaps 
were identified. The GMB literature was not found to contain any examples of 
community-led models of adolescent physical activity and diet behaviour drivers. 
Previous GMB processes which had been applied in conceptually similar fields, 
such as childhood obesity were reviewed, but were found to contain barriers to 
implementation in multi-setting interventions where repeated workshops would be
required. The process was also found to typically operate with small participant 
groups, which raised unresolved questions about the generalisability of complex 
models created using the GMB process.
In order to address the concerns regarding the representativeness of GMB 
outputs, methods that could be used to compare models as an initial examination 
of the consistency of perceptions between community groups were reviewed. 
Social Network Analysis was found to be a promising technique that can be used 
to generate quantitative descriptions of overall model structure, and identify 
structurally important variables within models.
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In order to address the gaps in knowledge identified by the literature 
review, the following thesis aims were proposed:
Aim 1: To establish the associations and relative contributions of 
adolescent physical activity and diet behaviours, singly and in combination, to the 
variance in depressive symptoms within male and female adolescents in Victoria.
Aim 2: To capture community perceptions of the complex drivers of 
physical activity and diet behaviour of Victorian adolescents.
Aim 2.1: To identify and implement a streamlined approach to GMB in 
order to create community-led CLDs of adolescent physical activity and diet 
behaviour drivers.
Aim 2.2: To quantitatively identify and compare the model-level and 
variable-level characteristics of two CLDs of the community-level drivers of 
adolescent diet and physical activity behaviours.
2.3.2 – Research Questions
RQ1: What are the associations and effect sizes attributable to physical 
activity time, sedentary behaviour, and diet pattern, on depressive symptomology 
outcomes in a sample of Victorian secondary school students?
RQ2: What are the perceived community-level drivers, and feedback 
processes affecting adolescents’ diet and physical activity behaviours, from the 
perspective of adolescents and other community representatives in Victoria?
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RQ2.1: Does the use of a rapid approach to GMB produce complex 
representations of the community-level determinants of adolescent physical 
activity and diet behaviours?
RQ2.2: What similarities or differences can be observed in CLDs 
constructed by independent groups from a repeat-methods GMB workshop, 
regarding the perceived community-level drivers of adolescent diet and physical 
activity?
The outcomes of studies addressing these questions are reported in original 
research articles, presented in Chapters 4-6, which in addition to the commentary 
paper in Section 2.1.4 above, fulfil the requirement of the Deakin University 
“Thesis by Publication” format. Table 3 shows the alignment between each of 
these articles, the study from which they draw their data, and the thesis RQ’s that 
they address.
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Table 3: Overview of thesis papers and study/RQ alignment.
Publication Title Study/Data 
source
Thesis RQ
addressed:
Specific 
publication RQ:
Lessons from Obesity 
Prevention for the 
Prevention of Mental 
Disorders: The 
Primordial 
Prevention Approach.
Narrative literature 
review
n/a – component of 
critical review
What are the 
relationships between 
modifiable lifestyle 
risk factors and 
common mental 
disorders? What are 
the characteristics of 
successful lifestyle-
based prevention 
approaches from the 
obesity prevention 
literature?
Lifestyle Factors and 
Adolescent 
Depressive 
Symptomology: 
Associations and 
effect sizes of diet, 
physical activity and 
sedentary behaviour.
Victorian Adolescent 
Lifestyle and 
Depressive 
Symptoms Study
RQ1: What are the associations and effect 
sizes attributable to physical activity time, 
sedentary behaviour, and diet pattern, on 
depressive symptomology outcomes in a 
sample of Victorian secondary school 
students?
A Rapid Group 
Model Building 
Process for 
Understanding 
Determinants of 
Adolescent Lifestyle.
Healthy Adolescent 
Lifestyles Mapping 
Project
RQ2: What are the 
perceived 
community-level 
drivers, and feedback 
processes affecting 
adolescents’ diet and 
physical activity 
behaviours, from the 
perspective of
adolescents and other 
community 
representatives in 
Victoria?
RQ2.1: Does the use 
of a rapid approach to 
GMB produce 
complex 
representations of the 
community-level 
determinants of 
adolescent physical 
activity and diet 
behaviours?
Comparing Group 
Perspectives from a 
Repeat Methods 
GMB Project on 
Adolescent Lifestyle 
Determinants.
RQ2.2: What 
similarities or 
differences can be 
observed in CLDs 
constructed by 
independent groups 
from a repeat-
methods GMB 
workshop, regarding 
the perceived 
community-level 
drivers of adolescent 
diet and physical 
activity?
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Chapter 3: Study Methodologies
This methodologies chapter provides an extended description of the 
methods employed in the two studies that comprise this thesis. Although each of 
the papers presented in Chapters 4 – 6 below contain the required detail for 
publication, this chapter contains a more complete account of the development, 
settings, and execution of the research.
3.1 – Study 1: Victorian Adolescent Lifestyle and Depressive 
Symptoms Study
3.1.1 – Summary Study Objectives
The objective of this study was to collect cross-sectional anthropometry 
and survey data from secondary school students in years 8 and 10 across 18 
Victorian communities. Measures included direct-measured anthropometry, and 
self-reported diet, physical activity, screen time, sleep behaviours, depressive 
symptomology, and demographics. This study sat within a broader research 
programme – the Healthy Together Childrens Evaluation, the full methodology of 
which has been presented in previous publications (108).
3.1.2 – Setting
Data for this study were drawn from the baseline assessment of 
adolescents participating in a cluster-randomised control trial on adolescent 
anthropometry and obesogenic behaviours (108). Participants were recruited from 
year 8 (aged 14-16) and 10 (aged 16-19) classes in consenting secondary schools 
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and data collected during school Term 3 (July-September) 2014. No significant 
differences were observed between intervention and comparison communities for 
BMI Z-score at baseline allowing the data to be combined for cross sectional 
analysis.
3.1.3 – Participants
Participants were 3,295 year 8 and 10 secondary school students from 18
LGAs across Victoria, Australia. Year 8 and 10 students were chosen in order to 
capture adolescents across the 14-16 year age window, which was identified as a 
key age range of interest in the introductory chapter of this thesis. Secondary 
students in other year levels were not included in this study, as the research 
programme only had enough capacity to survey two year levels within the target 
communities. Students in years 11 and 12 were specifically excluded as their 
commitments during the final two years of high school severely limits their ability 
to participate in studies, and participation may have caused them to be absent 
from assessments or other critical activities during school hours. The sample 
consisted of n=1,528 students from year 8 and n= 1,767 students from year 10.
3.1.4 – Recruitment Process
Within each LGA, all secondary schools in the region were randomised 
into a list. The recruitment strategy was designed to recruit at least one school per 
LGA, and previous research experience suggested that the likely school-level 
response rate would be around one in three (33%). After randomisation, the first 
three schools in the list were approached to take part in the study. Where no 
schools accepted the invitation, the next three schools were approached, and the 
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process was repeated until a consenting school was identified. There was no 
exclusion of schools where more than one out of three schools accepted the 
invitation. In total, 146 schools were invited, with 23 schools opting into the 
study.
Once one or more schools from each LGA consented to participate, all 
year 8 and 10 students were invited to participate in the study. Students were 
recruited using opt-out consent, whereby an information letter containing the plain 
language statement and consent forms were sent home with the student. Students 
were deemed to be consented into the study unless a parent or guardian returned a 
withdrawal of consent form to the school, or the student withdrew their own 
consent on the day. The approach was modelled on international examples of opt-
out consent processes, and evidence supported its safety for use with children and 
adolescents (109). The use of an opt out consent approach was given impetus by a 
history of opt in consent projects in the region which typically recorded response 
rates between 10% and 60%, exposing studies to greater risk of response bias 
(110). Subsequent analysis has reinforced the importance of this approach, with 
analyses finding evidence of significant underestimation of obesity prevalence in 
population-based samples where response rates are low (111).
All materials used during the recruitment process are included in 
Appendix B.
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3.1.5 – Variables and Data Management
3.1.5.1 – Depressive Symptomology
The outcome of interest to the study, depressive symptomology, was
measured using the Moods and Feelings questionnaire – Short Form (SMFQ)
(112). The SMFQ asks participants to respond to 13 items, stating whether, in the 
last two weeks, the item has been “not true”, scored as zero, “sometimes true” 
scored as a one, or “true” scored as a two. Items are based on the DSM-IV-TR 
criteria for major depressive disorder, and include examples such as “I felt 
miserable or unhappy”, “I felt so tired I just sat around and did nothing”, and “I 
hated myself”. Scores on this scale range from zero to 26, and can be 
dichotomised using a validated cut point of eight, with a score of eight or more 
representing “caseness” based on depressive symptomology (112). Using this cut 
point has demonstrated specificity of 60% and sensitivity of 85% for clinical 
depression in adolescent participants.
3.1.5.2 – Diet Pattern
Dietary intake was measured using the Simple Dietary Questionnaire
(SDQ). Items from this questionnaire were used to measure fruit, vegetable,
takeaway, energy-dense nutrient-poor snack foods, sugar sweetened beverage
(SSB), caffeinated beverage, energy beverage, sweetened dairy and plain dairy 
consumption. Up to 25 different food groups across more than 150 survey items 
can be measured using the full SDQ, however for the current study only those 
food groups mentioned above were included due to time constraints during data 
collection. For fruit and vegetable intake, participants indicated how many serves 
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of fruit and vegetable they had consumed per day, on average, over the last week. 
Possible responses began at zero and increased in half-serve increments up to 
“more than seven serves per day”. For takeaway foods, SSBs, caffeinated 
beverages, energy beverages, and sweetened and plain dairy consumption,
participants indicated the frequency of consumption within the last fortnight on an 
eight-point scale. Possible answers ranged from “rarely or never”, or “once a 
fortnight” through to “two times per day” or “three times or more per day”. 
The SDQ was based on the 2003 Australian dietary guidelines (113) and is 
used in the current study to assess dietary intake against the current Australian 
dietary guidelines, which were updated subsequent to the creation of this tool 
(114). When the tool was created, the recommended dietary intake for adolescents 
was four serves of vegetables and three serves of fruit per day, with the 2013 
update amending this figure to five serves of vegetables daily for adolescent girls, 
and five and a half serves of vegetables daily for adolescent boys, and two serves 
of fruit daily for both adolescent girls and boys. The half-serve increments and 
wide range of possible responses relative to the adjustment of the guidelines in 
2013 (less than one serve) means that the SDQ remains a suitable tool to measure 
fruit and vegetable consumption. The SDQ has been tested in Australian 
adolescent populations and demonstrates good test-retest reliability over one to 
two weeks, and good validity when assessed against a 24-hour food recall. For 
example, vegetable consumption demonstrated the following psychometrics: Test-
retest r = 0.760, p < 0.05, Validity r = 0.419, p < 0.05, and fruit consumption
performed similarly: Test-retest r = 0.725, p < 0.05, Validity r = 0.569, p < 0.05) 
(115).
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3.1.5.3 – Physical Activity/Screen Time
A seven day Likert scale was used for students to indicate their total 
physical activity time and sedentary behaviour time over the last week. Items for 
this part of the questionnaire were taken from the Core Indicators and Measures of 
Youth Health Survey (116). Students were prompted to indicate how much time 
they had spent being physically active, “including during physical education class, 
lunch, after school, evenings and spare time” including “skating, bike riding, 
running… and any other activities that make you sweat, breathe harder or be out 
of breath”. Students chose one option from a six-item Likert scale indicating how 
many minutes of physical activity they had done on each of the last seven days. 
Each item represented a range of minutes, with students choosing one from: none, 
one to 14 minutes, 15 to 29 minutes, 30 to 59 minutes, one to two hours, and more 
than two hours. Test-retest reliability for this item was moderate overall, with 
responses for individual days of the week ranging from kappa = 0.42 (Friday) –
0.51 (Tuesday).
A similar item was presented for screen time, prompting students to
indicate for each of the last seven days, “how many hours (outside of school) did 
you spend sitting or lying down looking at a screen… [for example] watching TV 
and movies, playing video games, video chatting, text messaging or surfing 
internet sites…” Students chose a response for each day from a 5-point Likert 
scale, ranging from “none” through “less than 1 hour per day”, “1 to 2 hours per 
day”, “more than 2 hours but less than 5 hours per day”, and “5 or more hours per 
day”. Test-retest reliability for this item was moderate overall, with responses for 
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individual days of the week ranging from kappa = 0.43 (Saturday) – 0.52
(Thursday/Sunday).
As each participant was asked to quantify the amount of physical activity 
and screen time per day, responses for each day were dichotomised according to 
whether or not the participant achieved the relevant Australian guideline for 
physical activity (greater than 1hour/day) (117-119) or screen-based sedentary 
behaviour (less than 2 hours/day) (118-120) on that day. This enabled the 
generation of two categorical variables, one that specified the number of days that 
the participant attained the recommended physical activity guidelines in the last 
week, and one that specified the number of days on which the participant attained
the screen time guidelines in the last week. The Core Indicators survey was 
developed from the Canadian physical activity (121) and sedentary behaviour 
(122) guidelines, which are identical to the current Australian guidelines for 
physical activity and sedentary behaviour.
3.1.5.4 – Covariates
Participants height, weight and waist circumference were measured by 
trained data collectors, using standard equipment. The manual which formed the 
basis of data collector training is provided in Appendix C. Height was measured 
using Charder HM200P stadiometers (Charder  HM-200P Portstad, Charder 
Electronic Co Ltd, Taichung City, Taiwan). Weight was measured using A&D 
UC-321 scales (A&D Precision Scale UC-321; A7D Medical, San Jose, CA). 
Height and weight were measured according to procedures that have been 
described in previous publications (108). Height and weight were used, in 
79
conjunction with age, to calculate a standardised BMI Z-score according to WHO 
growth references (123).
The amount of time spent sleeping per night was measured using a nine 
point Likert item, with participants responding to the question “During the past 7 
days, how much time did you usually spend sleeping per night?” Possible 
responses began at “less than 5 hours” and increased from “5 hours” to “more 
than 12 hours” in 1-hour increments. Participants’ sleep time was not altered for 
the analysis, and was treated as an ordinal variable. The item was written for this 
questionnaire and did not come from a standardised measure. The item was 
constructed in order to capture self-reported sleep duration around United States 
National Sleep Foundation recommended guidelines for adolescents of 8-10 hours 
per night (124). The specified range of less than five to more than 12 hours per 
night enabled the identification of students who had failed to achieve at least half 
of the recommended sleep hours per night, as well as students who had met and 
exceeded the recommendations. Previous research has shown sleep during 
adolescence to be associated with both physical activity, and depression (125, 
126). The question also enquired specifically about the last seven days, providing 
the participants with a clear boundary to the time period under investigation – a
feature of sleep assessment which has been shown to be important to maximise 
the accuracy of self-reported sleep among children and adolescents (127).
Demographic variables including, age, gender, area of residence, and 
school were collected by the survey. The Socio Economic Index For Areas 
(SEIFA) was used to generate a measure of relative advantage/disadvantage based 
on participants usual suburb of residence (128). Based on the distribution of 
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students’ individual SEIFA scores by postcode, a categorical variable was 
generated, ranging from 1-10 which described which decile of the sample’s 
socioeconomic advantage/disadvantage distribution for each student.
The paper questionnaire which was used to collect all survey items, along 
with the data collection sheet which was used to record direct-measured 
anthropometry are included in Appendix C.
3.1.6 – Data Collection
Data collection took place across multiple sessions within each 
participating school, on the same day where possible. One or two classes at a time 
were called to a large room within the school, often a gymnasium or multi-
purpose room. Upon arrival students were reminded of the study’s aims, the
procedure they would experience as participants, and their right to withdraw from 
any or all aspects of the study at any time. Class groups were then divided in half, 
with one half being measured on the anthropometry outcomes, while the other
half completed the paper survey. Groups swapped over to complete the remaining 
measurements at the halfway mark of the session. Sessions typically took 
approximately one hour – with half an hour being spent on the paper survey, and 
half an hour on anthropometry measurement at approximately 3 to 5 minutes per 
child. Anthropometry was measured at one of several stations, each of which was 
staffed by two data-collectors who double-measured all anthropometry outcomes. 
If results differed by more than 0.05kg in weight, or 0.5cm in height, a third 
measure was taken and the result averaged. One data collector ensured that the 
students waiting to be measured were kept away from participants being measured 
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for privacy, and to coordinate the movement of students in and out of measuring 
stations. A final data collector stayed with the questionnaire group to facilitate the 
survey and assist students with its completion. At least one staff member from the 
school was present at all times to meet legal supervisory obligations. 
3.1.7 – Ethical Considerations
The methodology described above was given ethical approval by the 
Deakin University Faculty of Health Human Ethics Advisory Group (HEAG) 
(Approval Number: 2013_095), the Victorian Government Department of 
Education (Approval Number 2013_002013) and the Victorian Archdiocese of 
Melbourne (Approval Number 1909), Ballarat, Sandhurst and Sale. All 
participants were provided with approved plain language statements and consent 
forms. (Study approval letters, plain language statements and consent forms are 
provided in Appendix D).
3.1.8 – Candidate Contribution
Although this study sat within the broader Healthy Together Childrens 
Evaluation program – several contributions were made by the candidate to the 
development of both the Healthy Together Childrens Evaluation, providing for the 
creation of the Victorian Adolescent Lifestyle and Depressive Symptoms Study. 
Direct contributions to the development of these studies included being part of the 
team that constructed the battery of tools that comprised the self-report survey. 
Specifically, the candidate was one of two researchers who reviewed and directly 
recommended the depressive symptomology measurement tool used here (SMFQ) 
and Quality of Life index (HRQoL - not analysed in this study). The candidate 
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had also previously published research in adolescent weight perception and body 
image, and so provided guidance to the team on the selection of items related to 
these constructs. Beyond this initial contribution, the candidate led one of the 
three data collection teams during the pilot phase of the study, and was involved 
in the collection and entry of data in the pilot phase, and full data collection 
phases in 2013 and 2014.
3.2 – Study 2: Healthy Adolescent Lifestyle (HAL) Maps
3.2.1 – Summary Study Objectives
The objective of this study was to develop causal loop diagrams of the 
perceived community-level drivers of adolescent physical activity and diet 
behaviours, in one community in Victoria, Australia. Workshop participants were 
drawn from local government, health service providers, and teachers and students 
from local secondary schools. The methodology for this study has been presented 
in summary in the publications below. This section describes the methodology 
employed in the Healthy Adolescent Lifestyle Maps project in greater detail.
3.2.2 – Setting
The workshops were designed using the GMB script literature (83). Scripts 
guide participants through a series of participatory tasks designed to examine 
participants’ cognitive representations of interdependent causes and effects of the 
drivers of a specific problem or situation. Scripts help give structure to the 
workshop processes, and maximise repeatability and fidelity (63). The workshop 
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process which was tested in this study was divided into two 90-minute 
participatory sessions. Each session was followed by an offline review process 
conducted by the researchers. 
3.2.3 – Participants
Three specific participant groups were identified as populations of interest 
for the study. Firstly, the local government organisation in the target community 
had an active health promotion team, funded under a large, whole-of-state
preventative health initiative, promoting healthy diet and physical activity 
behaviours in adolescents. This group had existed for more than two years, and 
had a mandate to work directly with adolescents in schools within the local 
government area’s geographic footprint. The group had therefore had extensive 
exposure to adolescents in this setting, and had been responsible for lifestyle-
focused health promotion in this setting. Secondly, the community was host to a 
broader group of health service providers who were a further population of 
interest. A variety of private and public providers existed within the community, 
whose services were available to adolescents from the area. This group was 
targeted for its experience working with adolescents outside of the school setting, 
and for working with potentially at-risk or disadvantaged adolescents. Thirdly,
secondary school teachers and students were identified as a population of interest.
Secondary school teaching staff were targeted because of their direct daily contact 
with adolescents from the community, and students were targeted for their lived 
experience negotiating the determinants of adolescent lifestyle behaviours in their 
community.
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3.2.4 – Recruitment Process
Recruitment was conducted using a snowball sampling strategy, beginning 
with initial, purposive recruitment within the local government health promotion 
group, who were subsequently asked to recommended contacts in the other two 
participant populations. 
The candidate met with the team leader and health promotion officers 
from the local government, who agreed to participate in the study, and provided 
contact details for 15 individuals within the health promotion team. The initial 
invitation of personnel within the local government organisation led to the 
recruitment of 13 staff (two were unable to participate due to work commitments), 
and the recommendation of eight secondary schools, and 11 health service 
providers.
Based on these recommendations, eight schools were invited to 
participate, and a total of four schools accepted the invitation. The schools who 
accepted the invitation were asked to identify one teacher who could participate, 
along with up to four students. Schools were given discretion over which students 
to invite, however students in leadership positions, or students with a known 
interest in health or health-related subjects were suggested as ideal candidates.
The recruitment in the schools led to a secondary school participant group of four 
teaching staff and nine students. Of the four schools who did not accept the 
invitation, two expressed that the school did not have the time or capacity to send 
participants to the workshop, and two did not respond to the invitations.
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Based on the recommendation of the health promotion team, invitations to 
participate were extended to representatives from 11 health service providers from 
within the local government area footprint. In total, four individuals accepted the 
invitation and were recruited into the study. The organisations represented by 
these participants included one local youth counselling service, a family health 
service for disadvantaged groups, a health insurer, and a large regional health 
service with interests in research, primary care, and service delivery across all age 
groups. Seven individuals did not accept the invitation with 3 responders citing
work commitments that prevented them from participating. One responded to say 
that her work involved children only and was outside the scope of the workshop 
content, and one responded to say that her work was situated in an adjacent local 
government area, and was therefore geographically removed from the community 
in which the study was based. The remaining two individuals did not respond to 
the invitation.
Inclusion criteria for local government participants included: working for 
the local government organisation within the specified community, in a role that is 
directly or indirectly concerned with adolescent health, or that has led the 
participant to have some knowledge or special interest in the area of adolescent
lifestyle-related health. Inclusion criteria for school teacher participants included:
Being either a leading teacher at the school (Principal, assistant principal, or other
leading position) or being a teacher at the school with a specialised interest in 
adolescent health (i.e. health teacher, physical education teacher or equivalent). 
Inclusion criteria for school student participants included: having been indicated 
by the school teacher participant at that school as being a mature student, who 
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could contribute to a discussion around adolescent physical activity and diet 
behaviours. Exclusion criteria for all groups included any persons who did not 
work within the local government area under examination, or whose experience 
was with children or adults to the exclusion of adolescents. 
As participants were recruited into the study, they were allocated into one 
of the two independent workshop groups. Initially, participants were allowed to 
self-select into whichever workshop stream was more convenient for their work or 
school schedule. Some participants indicated an ability to participate in either 
workshop stream, and these participants were allocated by the candidate in order 
to create equal sample sizes in each group to the extent possible. The composition 
of each group is shown in Table 4, below. All materials related to the recruitment 
process described above are provided in Appendix B.
Table 4: Composition of workshop streams one and two.
Stream 1 Stream 2
LG Health Promotion team 8 LG Health Promotion team 5
Secondary schools Secondary schools
School 1 School 3
Teachers 1 Teachers 1
Students 1 Students 2
School 2 School 4
Teachers 1 Teachers 1
Students 2 Students 4
Health Service Providers 1 Health Service Providers 3
Total 14 Total 16
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3.2.5 – Group Model Building Workshops
The design of the GMB workshops employed in this study was an 
extension and refinement of a previous GMB project undertaken investigating 
complex determinants of educational attainment in regional communities, 
developed by the candidate during the early stages of this PhD candidature and 
published in the Journal of Systems Research and Behavioural Science (129) (See 
Appendix A). The process was developed for a project called “Beyond the Bell” 
which sought to understand the drivers of low year 12 completion among the 
adolescent population in a regional Victorian community. The Beyond the Bell 
GMB process was designed by the candidate for use in a single setting, where the 
researchers were approached for assistance by a pre-existing and organised 
stakeholder group. This constituted a different setting from that of the present 
study and presented similar limitations (lengthy workshop session durations, and 
leveraging pre-existing community relationships) to those from the obesity-related 
GMB studies discussed in Chapter 2, Sections 2.2.5 and 2.2.6 above. 
Consequently, the process was substantially refined and redesigned into the 
format described below in order to meet the requirements of the multi-site, 
prevention focussed application described in Chapter 2. 
The GMB process which was used in this study was conducted according 
to a facilitation manual which was developed by the candidate, and contained all 
information that the facilitation team required on the day to effectively negotiate 
the workshop tasks with participants. The document included agendas and task 
timings, along with the scripts that gave thorough descriptions of how each task 
was to be facilitated. The workshop manual is provided in Appendix C. 
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The process was also designed to be safe and inclusive for all participants. 
GMB is closely aligned with the core values of Action Research (130), which 
include the assumptions that all people are capable of drawing on their own lived 
experiences and worldviews to collaboratively address real life problems, that the 
quality of research is enhanced by the inclusion of multiple, diverse viewpoints, 
and that the inclusion of stakeholders gives voice to community members, 
building capacity and agency among participants (131). During the introduction to 
the workshops, participants were assured that their contributions would provide 
valuable information within the context of the research project, and were assured 
of the confidentiality of any information they shared. This was intended to assure 
participants that their participation in the workshops was both valuable for 
themselves and the community, and that they would not experience any harm as a 
result of their participation.
3.2.5.1 – Workshop Session One
The first workshop session began with a brief introductory presentation, 
describing the overall workshop process which participants would experience, as 
well as a basic overview of adolescent physical activity and nutrition behaviours, 
and the relationship of these risk factors to adolescent mental illness. Adolescent 
mental health was introduced as an issue to give impetus to the work of the 
sessions and the associations between mental health and diet and physical activity 
were described. The presentation concluded by encouraging participants to 
concentrate on adolescent diet and physical activity behaviours within their 
community as the focus of their work.
89
The first participatory exercise (called Behaviour over Time Graphs)
invited participants to identify as many variables as they could in response to the 
prompt: “What things can you think of which affect or are affected by 
adolescents’ ability to eat healthily, or be physically active in the [community 
name] region.” The specific wording of the prompt was based on 
recommendations from the script literature (83) and other instructional material 
for conducting GMB in community settings (51). Participants filled in a template 
for each variable, requiring them to specify the name of the variable, along with 
their perceived trend in variable behaviour in the past, along with the “hoped” and 
“feared” trends into the future.
The behaviour over time exercise is designed to elicit a large number of 
variables that are causally related to the problem, over a short period of time at the 
beginning of the process. This is intended to minimise the chance that participants 
will forget or overlook a factor that they perceive to be important during later 
tasks. Requiring participants to plot the behaviour of each variable from past to 
future encourages participants to clarify the meaning behind the variable, and 
ensures that the variable is quantifiable and changes meaningfully over time. An 
example of a completed template is given in Figure 10. 
Participants initially worked individually, before moving into small groups
of 3-4 to share their behaviour over time graphs. In their small groups, 
participants identified 6-10 variables per group that they felt represented the 
“most important or influential” determinants of adolescent diet or physical 
activity. After this first round of shortlisting, the small groups then shared their 
highest priority variables with the entire participant group in a round-robin 
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fashion, until the 16 most important variables from the small groups had been 
shared. The prioritisation process was designed to isolate the variables that the 
group as a whole perceived to be the most important factors related to adolescent 
physical activity and diet behaviour. This ensured that these variables were 
included in the CLD, and provided a manageable starting place for the connection 
circle activity within the constraints of the modelling software used by the 
facilitation team. Throughout prioritisation, participants were reminded that they 
would have a chance to reintroduce variables that had not been included in the 
short list at a later stage.
Figure 10: Behaviour Over Time Graph Describing Adolescents Video 
Gaming/Screen Time Behaviour
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The prioritised variables were projected onto a screen at the front of the 
room, using a computer-based Systems Dynamics modelling software package. 
Variables were displayed in a large, circular formation called a “connection 
circle.” Participants then began the connection circles activity in which they were
asked to identify specific causal linkages between the shortlisted variables and 
describe whether these linkages represented positive or negative relationships.
The task of specifying the causal linkages between variables captured individual 
causal relationships, but framed them within the context of a highly 
interconnected dynamic system. Each causally connected variable pair was also 
directly or indirectly related to various other causal relationships in the broader 
list of variables identified by participants.
Participants were also invited to suggest additional variables to be 
introduced into the connection circle, either from the full list of variables 
suggested in the first activity, or any that had come to mind during subsequent 
discussion. An example of a connection circle which was completed by one of the 
workshop groups is given in Figure 11, below. The workshop concluded with a 
discussion of the content of the second session and 5 minutes for questions from 
participants. Throughout the duration of the workshop session, note-takers 
recorded participants’ discussions for later reference.
3.2.5.2 – Offline Review One
The process used to revise and clarify the models produced by participants 
outside of the workshop setting is described here, and referred to henceforth as the 
“offline review’ phase.
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Figure 11: Example Connection Circle from HAL Maps Workshops.
During the first workshop, variables were placed arbitrarily around the 
connection circle. This produced a large number of arrows that “crossed over” 
making the models visually busy and difficult to read. In order to align with the 
conventions of causal loop diagramming, which emphasises minimal crossing 
over of causal arrows (100), the connection circles were reconfigured. The 
reconfiguration was limited to the spatial rearrangement of variables and arrows, 
and no actual content was modified at this stage. Figure 12 shows the connection 
circle from Figure 11, rearranged into an initial CLD after offline review.
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Figure 12: Initial CLD from HAL Maps workshop
Following the construction of the initial CLD, note-takers accounts of the 
conversations were collaboratively reviewed by two researchers (the candidate 
and another member of the facilitation team) in order to identify any points of 
discussion which had not been captured during the workshop, or had been 
captured incorrectly. The two reviewers checked each line of the workshop notes. 
Where the reviewers agreed on a connection or variable that was missing or 
incorrect, the model was updated. Where agreement was not reached, the 
researchers conferred with other members of the facilitation team, in order to 
check their understanding of the context and meaning of the notes. 
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Any additions to the model were made using green connection arrows to 
enable participants to check the work in the second session. One researcher (the 
candidate) then made final amendments to the spatial arrangement of the diagrams 
for clarity of presentation. Variables were spatially rearranged in order to 
minimise the crossovers of causal arrows, and to maximise the visibility of 
feedback loops. Figure 13 shows the CLD from Figure 12 after it was subject to 
review of the written workshop notes.
Figure 13: Causal Loop Diagram After Offline Review
3.2.5.3 – Workshop Session Two
The second session of the workshop commenced with a brief reminder for 
participants of the purpose and structure of the workshop sessions, and the agenda 
for the day’s session. The offline review process was also explained to 
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participants. Particular care was taken to emphasise that the updated CLD was 
entirely derived from participants’ discussion, and that the content of the model 
had not been influenced by the researchers. The first participatory activity of the 
session consisted of a scripted activity where participants used “post-it” notes to 
provide feedback on the content of the CLD. Specific instruction was given to 
participants to give feedback indicating which variables, connections, or “parts” 
of the CLD they felt were correct, or represented something that the group had 
“gotten right”, as well as variables, connections or parts of the CLD that they felt 
were incorrect, either because they were irrelevant, had been represented 
incorrectly by the researchers, or were spaces where important variables or 
connections were missing from the CLD. Figure 14 shows the post it notes and 
new causal links which one group placed on a hard copy of the CLD.
This activity fed into the second participatory task of the second session, 
in which participants suggested amendments to the CLD, based on their written 
feedback from the first activity of the session. As with the connection circle 
activity, these changes were recorded and projected onto a screen in real time, 
with note takers recording the group discussions verbatim. An example of the 
CLD after participants had discussed their desired amendments is shown in Figure 
15.
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Figure 14: Causal Loop Diagram with Post-It Note Feedback
Figure 15: Revised Causal Loop Diagram with Participants Amendments
97
3.2.5.4 – Offline Review Two
Following the second workshop the offline review process was repeated 
based on the revised CLD and the written notes, to ensure that the map accurately 
reflected participants’ input, while minimising errors and redundancies. The final 
maps for each group were communicated back to participants at their home 
organisation via a short report, which described the overall workshop process, and 
presented the different stages of CLD development. Electronic and hard copies of 
the final CLD were also provided. The finalised CLDs from both workshops are 
presented in the article in Chapter 5, as well as the reports in the appendices. A 
flowchart of the overall CLD development process is shown in Figure 16.
3.2.5.5 – Social Network Analysis of CLDs
Social Network Analysis (SNA) was used to compare the two groups’ 
CLDs. The CLDs were treated as unweighted, directed networks, with variables 
as nodes and causal connections as edges. The CLDs from both groups were 
subsequently imported into the Gephi software package (Gephi Consortium, 
Paris) for SNA analyses, and Insight Maker (Scott Fortmann-Roe, San Francisco, 
CA) (132) for feedback loop Identification. 
Gephi was used to report the total number of variables and causal 
connections in each model. ‘Average degree’ was then calculated, representing 
the mean number of causal connections per variable in the model. ‘Density’ was 
also calculated, representing the proportion of all possible causal connections that 
were actually in the model, ranging from 0 (no connections) to 1 (all possible 
connections).
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Figure 16: Flowchart of the HAL Maps Workshop Stages and Outputs.
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‘Out-degree’ and ‘betweenness centrality’ were also calculated in Gephi to 
identify influential variables in the CLDs. Within the context of CLDs, out-degree 
can be interpreted as a measure of the direct influence one variable may have over 
other variables in the CLD. Variables with higher out-degree may be important 
intervention targets due to their distributed and direct impact on a number of other 
elements within the system (107). Betweenness centrality indicates variables that 
act as mediator variables within the model. The betweenness centrality (referred 
to hereon as ‘betweenness’) of a variable is proportional to the number of shortest 
pathways between all other variable pairs that a given variable features in. 
Variables with high betweenness may therefore be interpreted as control variables 
within a network (133). Compared to out-degree, which only accounts for direct 
causal relationships, betweenness accounts for the position of a variable within an 
entire network, and is therefore a more refined measure of model influence. In 
order to enable easier comparison of variables’ relative influence, according to 
out-degree and betweenness, scores on both measures are normalised to a 
common scale, ranging 0 to 1.
The CLDs from both workshop groups were imported into Insight Maker 
(132), and the ‘identify loops’ function was used to generate a report of all 
feedback loops in the diagrams.
3.2.6 – Ethical Considerations
Ethical approval was granted by the Deakin University Faculty of Health 
Human Ethics Advisory Group (Application Number 198_2014), the Victorian 
Government Department of Education (Application Number 2014_002552) and 
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the Catholic Archdiocese of Melbourne. Informed consent was obtained from all 
participants using approved consent forms (Study approval letters, plain language 
statements and consent forms are provided in Appendix D). The consent forms 
contained an explanation of the study aims and methodology in simple language. 
In the case of student participants, the consent forms contained a space for 
signatures from both the participant and parent/guardian.
3.2.7 – Communication Strategy
The results of the study were communicated back to participants at their 
home organisations after the finalisation of the CLDs for both workshop groups. 
For each participant, a “report pack” was created, which included a written 
summary of the workshop activities they completed, and the outputs from each 
stage of the workshop (connection circle, initial CLD, finalised CLD), along with 
a printed copy of the CLD. At the suggestion of some of the teacher participants, 
students also received a certificate in recognition of their contribution to the 
project, and participation in extra-curricular activities. Finally, large A1 copies of 
the CLD were printed, and provided to the individual schools, health service 
providers, and the office where the local government personnel worked. These 
materials are included in the appendices at the end of this thesis, in Appendix E. 
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Chapter 4: Thesis Publication II “Lifestyle factors and 
adolescent depressive symptomology: Associations and effect 
sizes of diet, physical activity and sedentary behaviour”
This chapter contains the second paper of this thesis, an epidemiological study 
examining the associations between adolescent physical activity, sedentary, and 
diet behaviours, and their reported levels of depressive symptomology. Presented 
in this chapter is the authorship declaration, completed in accordance with Deakin 
University’s requirements for thesis by publication, followed by the current 
version of the article proof from the Journal.
This paper addresses RQ1 of this thesis: “What are the associations and effect 
sizes attributable to physical activity time, sedentary behaviour, and diet pattern, 
on depressive symptomology outcomes in a sample of Victorian secondary school 
students?”
This paper was published by the Australia and New Zealand Journal of Psychiatry 
in October 2016.

Lynne Millar Contributed to drafts and provided expert knowledge in the field of 
adolescent lifestyle behaviours. Assisted with the construction of syntax for 
analyses 
Claudia Strugnell Contributed to drafts and provided expert knowledge in the field of 
adolescent lifestyle behaviours. Oversaw collection of data. 
Boyd A Swinburn Contributed to drafts and provided expert knowledge in the field of 
adolescent lifestyle behaviour. Assisted with interpretation of findings and 
formulation of discussion 
Steven Allender Contributed to drafts and provided expert knowledge in the field of 
adolescent lifestyle behaviours. Assisted with design of statistical analyses. 
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Abstract
Objective: Depression affects many Australian adolescents. Research points to the potential of lifestyle improvement 
for the population-level prevention of mental disorders. However, most studies examine single relationships without 
considering the combined contribution of lifestyle factors to variance in depression. This study examined associations 
between adolescent diet, physical activity and screen time behaviours and depressive symptomatology.
Methods: A cross-sectional sample of year 8 and 10 students was recruited from 23 participating schools in 18 Victo-
rian communities. Students were recruited using opt-out consent, resulting in 3295 participants from 4680 registered 
school enrolments (Participation Rate: 70.4%). Participants completed a supervised self-report questionnaire compris-
ing Moods and Feelings Questionnaire–Short Form, an assessment of physical activity and sedentary behaviours during 
and outside school, and weekly food intake. Surveyed covariates included hours of sleep per night, age, socio-economic 
status and measured anthropometry. A hierarchical regression stratified by gender was conducted, with dichotomised 
Moods and Feelings Questionnaire–Short Form score as the outcome, and screen time, physical activity and dietary pat-
terns as predictors. Nested regression analyses were then conducted to ascertain the variance in Moods and Feelings 
Questionnaire– Short Form score attributable to each significant predictor from the initial regression.
Results: Increased scores on an unhealthy dietary pattern (odds ratio = 1.18; 95% confidence interval = [1.07, 1.32]) 
and physical activity guideline attainment (0.91; [0.85, 0.97]) were associated with depressive symptomatology in males, 
while screen time guideline attainment (0.95; [0.91, 0.98]) was associated with depression in females. No association was 
observed between healthy diet pattern and Moods and Feelings Questionnaire–Short Form. Overall, effect sizes were 
generally small, and the regression model accounted for 5.22% of Moods and Feelings Questionnaire–Short Form variance.
Conclusion: Gender-specific associations were observed between physical activity and both sedentary and dietary 
behaviours and depressive symptomatology among adolescents, although reverse causality cannot be refuted at this stage. 
Lifestyle behaviours may represent a modifiable target for the prevention of depressive symptomatology in adolescents.
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Introduction
Depressive disorders are responsible for 2.5% of global dis-
ease burden and are the fourth highest cause of disease bur-
den in Australasia (Murray et al., 2012). One in six (15%) 
Australian adolescents reported symptoms of depression in 
2007 (Slade et al., 2009). A South Australian study of ado-
lescents reported that the prevalence of major depression 
increased between 1998 (7%) and 2008 (10%) (Goldney 
et al., 2010). Adolescence is a particularly important period 
for mental disorder onset; the average age of onset for 
depression may be as low as 13 years in Western popula-
tions (Merikangas et al., 2010), and half of all adult mental 
disorders have their onset during adolescence (Belfer, 2008). 
Despite this, 16- to 24-year-olds are the least likely age 
group to access mental health services (Slade et al., 2009).
Alcohol consumption, tobacco use, unhealthy diet and a 
lack of physical activity are all associated with and may 
increase the risk of adolescent depression (Cairns et al., 
2014). Physical activity, sedentary behaviour and unhealthy 
diet are particularly promising targets (Jacka et al., 2013) 
amenable to large-scale population intervention (Hayward 
et al., 2014) and which have featured in recent clinical prac-
tice guidelines for the management of depression (Malhi 
et al., 2015).
Many studies have reported associations between either 
diet quality or physical activity/sedentary behaviour and 
depressive symptoms. One prospective study of 3040 
Australian adolescents found that healthy diet was associ-
ated with better mental health and unhealthy diet with 
worse mental health cross-sectionally, while healthy 
diet also predicted better mental health over time (Jacka 
et al., 2011). A cross-sectional study of 1324 West Australian 
adolescents found that those with a healthy diet had better 
mental health using the Child Behaviour Checklist (Oddy 
et al., 2009). Similarly, the Australian Healthy 
Neighbourhoods Study found those reporting consistently 
healthy or unhealthy diet patterns reported more or less 
depressive symptoms, respectively, even after adjustment 
for a range of important familial factors (Jacka et al., 2010). 
The results of a systematic review support a relationship 
between unhealthy diet and depression in children and ado-
lescents (O’Neil et al., 2014).
Evidence for the association between physical activity/
sedentary behaviour and reduced depressive symptoms in 
Australian adolescents has been supported by other studies. 
A study of over 8000 adolescents from Victoria, New South 
Wales and Queensland found meeting physical activity 
guidelines was associated with reduced depressive symp-
tomatology (odds ratio [OR] = 0.62; 95% confidence inter-
val [CI] = [0.44, 0.88]) as did attainment of the screen time 
(ST) guidelines among 12- to 14-year-old participants 
(OR = 0.77; 95% CI = [0.59, 0.99]) (Kremer et al., 2014).
While many studies have examined the diet–depression 
and physical activity/sedentary behaviour–depression asso-
ciations, few have done so in the same analysis. Of those 
examining these relationships together, one study reported 
associations between sedentary time and depressive symp-
tomatology in both male and female adolescents and 
between sweetened beverage consumption and depressive 
symptomatology in females (Hoare et al., 2014a). The lack 
of studies of Australian adolescents examining the possible 
contribution of physical activity and dietary patterns to the 
variance in depressive symptomatology simultaneously rep-
resents a gap in the literature. Thus, we aimed to establish 
the associations and relative contribution of each factor, sin-
gly and in combination, to the variance in depressive symp-
toms within a sample of male and female adolescents.
Methods
The methods are presented in accordance with the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines for reporting on 
observational studies (von Elm et al., 2007).
Setting
Data for this study were drawn from the baseline assess-
ment of adolescents participating in a cluster-randomised 
control trial on adolescent anthropometry and obesogenic 
behaviours (Strugnell et al., 2015). Participants were 
recruited from year 8 (aged 14–16) and 10 (aged 16–19) 
classes in consenting secondary schools and data collected 
during school term 3 (July–September) 2014. No signifi-
cant differences were observed between intervention and 
comparison communities for body mass index (BMI) 
Z-score at baseline, allowing the data to be combined for 
cross-sectional analysis.
Participants and recruitment
Participants were 3295 year 8 and 10 secondary school stu-
dents from 18 communities across Victoria, Australia. 
Within each community, secondary schools were ran-
domised, and three were invited to participate. Where no 
schools agreed to participate, additional schools were 
invited in groups of three until a participant school con-
sented. In total, 146 schools were invited and 23 schools 
accepted (school response rate of 16%).
All eligible students in each school were invited to par-
ticipate. Opt-out consent was used and a letter containing 
the plain language statement and consent forms was sent 
home. Students were considered to have provided informed 
consent unless the student or their parent/guardian with-
drew them from the study, and verbal consent was con-
firmed with students again at the time of measurement. Of 
4680 students invited from consenting schools, 4127 con-
sented to participate (relative risk [RR] = 88%). After 
absences, n = 3295 students were available on data collec-
tion days, with data collected from n = 1528 students from 
year 8 and n = 1767 students from year 10.
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Measures
The dependent variable, depressive symptomatology, was 
measured using the Moods and Feelings Questionnaire–
Short Form (SMFQ; Angold et al., 1995). The SMFQ has 
been used reliably in other community-based studies with 
adolescent populations (Chipman et al., 2007) and asks 
participants to endorse 13 symptoms of depression as ‘not 
true’ (coded 0), ‘sometimes true’ (coded 1) or ‘true’ 
(coded 2) for the last 2 weeks. Examples of individual 
symptoms include ‘I felt miserable or unhappy’, ‘I felt so 
tired I just sat around and did nothing’ and ‘I hated myself’. 
Possible scores range from 0 to 26, and the measure was 
dichotomised using a validated cut point of 8, indicating 
probable depression (referred to henceforth as ‘depressive 
symptomatology’) with a specificity of 60% and sensitiv-
ity of 85% for clinical depression in adolescent partici-
pants (Angold et al., 1995).
Dietary intake was measured using the Simple Dietary 
Questionnaire (SDQ; (Parletta et al., unpublished)). Items 
from this questionnaire were used to measure consumption 
of fruit, vegetable, takeaway, energy-dense nutrient-poor 
snack foods, sugar-sweetened beverages (SSBs), caffein-
ated beverages and sweetened and plain dairy foods. Up to 
25 different food groups can be measured using the SDQ; 
however, the above categories were prioritised due to study 
constraints. Participants indicated the average number of 
fruit and vegetable serves they had consumed per day over 
the week preceding the survey. Possible responses range 
from none to more than seven serves per day, in half-serve 
increments. All other food groups were measured on an 
8-point scale, ranging from ‘rarely or never’ to ‘3 times or 
more per day’. The SDQ has been tested in Australian ado-
lescent populations and demonstrates good test–retest reli-
ability over 1–2 weeks and good validity when assessed 
against a 24-hour food recall. Vegetable consumption dem-
onstrated test–retest reliability of r = 0.76, p < 0.05 and 
validity of r = 0.42, p < 0.05; fruit consumption performed 
similarly: test–retest r = 0.73, p < 0.05; validity r = 0.57, 
p < 0.05 (Parletta et al., in press).
Moderate–vigorous physical activity (MVPA) time and 
ST were measured using an item from the Core Indicators 
and Measures of Youth Health Survey (Kroeker et al., 
2012). Students responded to a 6-point scale for each of 
the 7 days preceding the survey representing total MVPA 
minutes. Options included none, 1–14 minutes, 15–29 
minutes, 30–59 minutes, 1–2 hours and more than 2 hours. 
Test–retest reliability for this item was moderate overall, 
with responses for individual days ranging from κ = 0.42 
(Friday) to 0.51 (Tuesday). The ST measure asked students 
to indicate screen-based ST for the 7 days preceding the 
survey on a 5-point scale for each day, with responses 
including none, less than 1 hour, 1–2 hours, 2–5 hours and 
more than 5 hours. Test–retest reliability for this item was 
moderate overall, κ ranging from = 0.43 (Saturday) to 
0.52 (Thursday/Sunday). Responses to these items were 
dichotomised according to whether the participant attained 
the Australian guideline for MVPA (>1 hour/day) 
(Commonwealth Department of Health, 2014) or ST 
(<2 hours/day) on each day, and categorical variables 
were generated to specify the number of days in the pre-
ceding week that the participant attained the MVPA and 
ST guidelines.
Covariates
Sleep was measured using a 9-point scale, with participants 
responding to the question ‘During the past 7 days, how 
much time did you usually spend sleeping per night?’ 
Possible responses began at ‘less than 5 hours’ and 
increased from ‘5 hours’ to ‘more than 12 hours’ in 1-hour 
increments. Previous research has shown sleep during ado-
lescence to be associated with both physical activity and 
depression (Kredlow et al., 2015; Sivertsen et al., 2014). 
The item was written for this questionnaire and was con-
structed to capture self-reported sleep duration around US 
National Sleep Foundation recommendation of 8–10 hours 
sleep per night for adolescents (Hirshkowitz et al., 2015). 
The question was time-bound to the preceding week to 
maximise accuracy in self-reporting (Matricciani, 2013).
Height and weight were measured by trained data col-
lectors, using Charder HM200P stadiometers (Charder 
HM200P Portstad; Charder Electronic Co. Ltd, Taichung 
City, Taiwan) and A&D UC-321 scales (A&D Precision 
Scale UC-321; A7D Medical, San Jose, CA, USA). Height 
and weight were measured according to standardised pro-
cedures that have been described in previous publications 
(Strugnell et al., 2015). If results differed by more than 0.05 
kg in weight, or 0.5 cm in height, a third measure was taken 
and the result averaged. Height and weight were used, in 
conjunction with age, to calculate BMI-for-age Z-score 
according to World Health Organization (WHO) growth 
references (De Onis et al., 2007).
Date of birth was collected to calculate age in years. 
Postcode was collected to identify economic advantage/
disadvantage of the participants’ usual area of residence 
according to the Australian Bureau of Statistics’ Socio-
Economic Index for Areas (SEIFA; Australian Bureau of 
Statistics, 2006). Participants’ SEIFA scores were divided 
by decile and used in all analyses as a categorical variable.
Ethical approval for this study was given by the Deakin 
University Human Research Ethics Committee (ref 
2013_095), the Victorian Government Department of 
Education and Training (ref 2013_002013) and the Catholic 
Education Offices, Archdiocese of Melbourne, Ballarat, 
Sandhurst and Sale.
Statistical methods
Principal component analysis (PCA) was used in order to 
determine the underlying patterns in participants’ dietary 
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behaviour. Fruit and vegetable serves per day, frequency of 
consumption of takeaway foods, snack foods, SSBs and 
sweetened and unsweetened dairy foods were included in 
the analysis. The resulting components were subjected to 
an equamax rotation, and factors with loadings ⩾|0.3| were 
retained. Based on the recommendations of Tabachnick and 
Fidell (2013), factors with an eigenvalue ⩾1 were retained 
in order to exclude components with less explanatory 
power than the individual dietary variables.
A hierarchical logistic regression was designed, with 
dichotomised SMFQ as the outcome. The regression was 
stratified by gender as previous studies have shown gender 
difference in the MVPA and physical activity/ST–
depression associations (Hoare et al., 2014a). Model 1 was 
an unadjusted model with only the independent variables of 
physical activity and ST guideline attainment days, and diet 
pattern and the dependent variable – dichotomised SMFQ 
scores – entered into the model. Model 2 included Model 1 
with the addition of age and SEIFA deciles. The final 
model, Model 3, was the fully adjusted model, which com-
prised Model 2 with the addition of sleep and BMI Z-scores.
Nested hierarchical regression models were used to 
observe the model R2 attributable to each significant pre-
dictor of dichotomised SMFQ from the hierarchical regres-
sion model. The fully adjusted model was re-run once for 
each significant predictor, and the change in R2 (referred to 
onwards as ΔR2) was observed after the predictor was 
removed from the model. Statistical significance was deter-
mined using likelihood ratio tests.
Results
Descriptive statistics
Students reported meeting the physical activity guidelines 
on average, 2.49 (standard deviation [SD] = 2.25) days out 
of the week preceding the survey, although year 8 students 
were slightly more active than year 10 students (year 8 m = 
2.62 days, year 10 m = 2.38 days, t = 3.06, p < 0.001). 
Students reported meeting the ST guidelines on average, 
3.55 (SD = 2.85) days out of the week preceding the sur-
vey, and again, year 8 students more frequently met the 
guidelines (year 8 m = 3.81 days, year 10 m = 3.32 days, 
t = 4.94, p < 0.001).
Attainment of the guidelines for at least two serves of 
fruit on a usual day was reported by 67% of students, with a 
small but significant difference by year level (year 8 = 70%, 
year 10 = 65%, χ2 = 10.10, p < 0.01). Attainment of the 
guidelines for at least five serves of vegetables on a usual 
day was reported by only 7% of students, with no signifi-
cant difference by year level. When examined for attain-
ment of both the fruit and vegetable intake guidelines, 6% 
of students met both guidelines simultaneously. Descriptive 
statistics for the broader set of study measures are provided 
in Table 1.
PCA
The PCA revealed three factors with an eigenvalue above 
1.00, so the first three factors were investigated for use in 
the analysis. The PCA was then re-run specifying a three-
factor solution, and the loadings of the individual dietary 
intake variables were examined in order to interpret the 
factors.
The first factor had strong positive loadings for con-
sumption of takeaway foods, sweetened beverages, caffein-
ated beverages and energy drinks. The second factor had 
strong positive loadings on serves of fruits and vegetables 
per day. The third factor had strong positive loadings on 
consumption of snack foods, sweetened dairy and plain 
dairy foods. The first factor was labelled the ‘unhealthy’ 
diet pattern, the second factor the ‘healthy’ pattern and the 
third the ‘snacking’ pattern. Internal consistency within the 
factors ranged from 0.38 to 0.72, and the factors were 
weakly correlated (Table 2).
Regression analysis
The unadjusted regression model (Table 3) showed that for 
male participants, higher scores on the unhealthy diet pat-
tern were associated with higher probability of an SMFQ 
score of 8 or more. Additionally, every additional day on 
which male participants attained the recommended guide-
lines for physical activity was associated with a reduction 
in the probability of an SMFQ score greater than 8. Among 
female participants, every additional day on which partici-
pants attained the recommended guidelines for screen time 
was associated with a reduction in the probability of depres-
sive symptomatology. Healthy dietary pattern scores and 
the snacking dietary pattern scores were not significantly 
associated with SMFQ in either gender.
The significant associations from the unadjusted model 
remained significant after both the partial and full adjust-
ment for the additional modifiable lifestyle-related factors, 
while healthy and snacking dietary pattern associations 
remained non-significant in all models. In both the partially 
and fully adjusted models, age and SEIFA decile were not 
significantly associated with SMFQ. In the fully adjusted 
model, however, both male and female participants who 
reported sleeping more hours on a usual night had a lower 
likelihood of depressive symptomatology. Increased BMI 
Z-score was associated with a higher likelihood of depres-
sive symptomatology in female participants only.
ΔR2 analyses
The ΔR2 analyses (Table 4) found that the fully adjusted 
regression model accounted for 5.2% of the variance in the 
dichotomised SMFQ score for male participants and 6.0% 
of the variance for females. Table 4 presents the set of 
nested regression analyses, which tested the change in 
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Table 1. Descriptive statistics.
Continuous variables Mean SD
Age 15.14 1.12
BMI Z-score 0.47 1.14
SMFQ 4.82 5.34
SEIFA 972.17 64.04
Categorical variables n %
Physical activity guideline attainment (days in last week)
⩽4 2619 79.48
 5–6 389 11.81
 7 287 8.71
Screen time guideline attainment (days in last week)
⩽4 1757 53.32
 5–6 681 20.64
 7 858 26.04
Veggie serves/day (last week)
<5 2985 92.44
 5–6 180 5.58
7 or more 64 1.98
Fruit serves/day (last week)
<2 1029 31.77
 2–4 1773 54.79
5 or more 435 13.44
Takeaway serves (last week)
Never to once a week 2624 81.13
Twice a week to daily 580 17.94
Twice daily or more 30 0.93
Sweetened beverage serves (last week)
Never to once a week 1622 50.05
Twice a week to daily 1148 35.39
Twice daily or more 472 14.56
Snack food serves (last week)
Never to once a week 820 25.45
Twice a week to daily 1382 42.86
Twice daily or more 1021 31.69
Categorical variables n %
Caffeinated drink serves (last week)
Never to once a week 2136 65.76
Twice a week to daily 824 25.34
Twice daily or more 289 8.90
Energy drink serves (last week)
Never to once a week 3051 93.96
Twice a week to daily 150 4.62
Twice daily or more 46 1.42
Sweet dairy serves (last week)
Never to once a week 2107 65.06
Twice a week to daily 931 28.76
Twice daily or more 200 6.18
Plain dairy serves (last week)
Never to once a week 810 25.05
Twice a week to daily 1546 47.77
Twice daily or more 879 27.18
Dichotomised SMFQ
No depressive symptomatology 2587 78.45
Depressive symptomatology 710 21.55
Gender
 Male 1790 54.25
 Female 1507 45.75
Sleep
⩽6 hours 467 14.84
7–9 hours 2235 70.99
⩾10 hours 446 14.17
Weight status
 Underweight/normal 1991 68.92
 Overweight 620 21.46
 Obese 279 9.62
SD: standard deviation; BMI: body mass index; SMFQ: Moods and 
Feelings Questionnaire–Short Form; SEIFA: Socio-Economic Index for 
Areas.
(continued)
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explained SMFQ variance when a variable was removed 
from the fully adjusted model and subsequently re-entered. 
For each variable, the ‘Remove [variable]’ line shows the 
amount of variance explained by the model when the speci-
fied variable is not considered. The difference in model R2 
caused by the removal of that variable from the fully 
adjusted model is given in the ΔR2 column, along with the 
significance associated with that change. Only the signifi-
cant associations from the fully adjusted model in each 
gender were tested.
Unhealthy dietary pattern scores and physical activity 
guideline attainment in males and ST guideline attainment 
and BMI Z-score in females all contributed a small but sig-
nificant amount of explained variance in SMFQ scores in 
the model (<1.0%). Sleep, however, contributed a much 
larger share of variance explained in the adjusted model, 
explaining 1.9% of SMFQ variance in males and 3.4% in 
females.
Discussion
In this sample of Australian adolescents, multiple behav-
ioural risk factors were associated with an increased prob-
ability of depressive symptomatology. Factors associated 
with increased odds of depressive symptomatology differed 
by gender. On average, male adolescents with unhealthy 
diet and low physical activity were more likely to experi-
ence depressive symptomatology. For males, a 1 SD 
increase in unhealthy dietary pattern was associated with an 
18% increase in likelihood of depressive symptoms, while 
every day of physical activity guideline attainment was 
associated with a 9% decrease. Female adolescents of 
increased weight status and high levels of ST were also 
more likely to experience depressive symptoms. For 
females, every day of ST guideline attainment was associ-
ated with a 5% reduction in the probability for depressive 
symptomatology, while a 1-point increase in BMI Z-score 
was associated with a 20% increase in the likelihood of 
depressive symptomatology. Sleep was the only risk behav-
iour that was associated with depressive symptomatology 
in both genders, with both males and females who had 
more sleep less likely to experience depressive symptoms. 
For males, every additional hour of sleep per night was 
associated with a 22% reduction in the probability of 
depressive symptomatology, and in females, every addi-
tional hour reduced the odds by 26%.
The positive association among males between 
unhealthy dietary patterns and depressive symptomatology 
was consistent with previous findings (Jacka et al., 2010, 
2011; Oddy et al., 2009). This appears to be a robust finding 
Table 2. Properties of the principal component analysis.
Factor name
Unhealthy Healthy Snacking
Factor loadings
Fruit serves/day 0.6830
Vegetable serves/day 0.6304
Takeaway frequency 0.3553
Sweetened drink frequency 0.4998
Caffeinated drink frequency 0.5472
Energy drink frequency 0.4835
Snack food frequency 0.4386
Sweetened dairy frequency 0.5352
Plain dairy frequency 0.6842
Cronbach’s alpha (D) 0.72 0.55 0.38
Factor correlations
 Unhealthy 1.00
 Healthy −0.2209 1.00
 Snacking 0.2659 −0.0088 1.00
Factor loadings below a threshold of |0.3| have been omitted from this table.
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as different studies that have produced similar results have 
used a range of tools, including diet quality scores, fre-
quency of consumption for specific food groups and food 
frequency questionnaires (O’Neil et al., 2014). The find-
ings from this study add further support to the growing 
understanding of the role of nutrition in adolescent mental 
health (O’Neil et al., 2014).
Our finding of no association between healthy dietary 
patterns and depressive symptomatology is inconsistent 
with many previous findings. Studies have reported 
decreased likelihood of depressive symptomatology for 
adolescents reporting healthy dietary patterns (Jacka et al., 
2010, 2011). In this study, only fruit and vegetable intake 
variables made up the healthy dietary factor score. Other 
studies with scores comprising more items capturing the 
intake of healthy foods, such as wholegrains, fish, legumes 
and so on, have consistently shown inverse relationships 
between healthy dietary patterns and depression. For exam-
ple, several studies have reported that higher adherence to a 
‘Mediterranean’ diet pattern is protective against depres-
sion (Psaltopoulou et al., 2013; Sánchez-Villegas et al., 
2009). It may be the case that the lack of significant 
Table 3. Regression model for diet pattern and physical activity/screen time on dichotomous SMFQ.
Male Female
OR Robust SE 95% CI OR Robust SE 95% CI
Unadjusted model
Unhealthy dietary pattern 1.25 0.06 [1.14, 1.37] 1.07 0.05 [0.98, 1.18]
Healthy dietary pattern 1.03 0.07 [0.91, 1.18] 0.94 0.05 [0.85, 1.04]
Snacking dietary pattern 0.89 0.07 [0.77, 1.04] 0.90 0.06 [0.80, 1.02]
PA attainment days 0.92 0.03 [0.86, 0.99] 1.00 0.04 [0.94, 1.07]
ST attainment days 0.96 0.02 [0.91, 1.00] 0.90 0.02 [0.87, 0.93]
Partially adjusted model
Unhealthy dietary pattern 1.23 0.06 [1.11, 1.35] 1.08 0.06 [0.98, 1.20]
Healthy dietary pattern 1.01 0.06 [0.90, 1.14] 0.95 0.05 [0.86, 1.05]
Snacking dietary pattern 0.90 0.07 [0.77, 1.06] 0.91 0.05 [0.81, 1.02]
PA attainment days 0.92 0.03 [0.86, 0.99] 1.01 0.04 [0.94, 1.08]
ST attainment days 0.96 0.02 [0.92, 1.01] 0.90 0.02 [0.86, 0.93]
 Age 1.05 0.08 [0.90, 1.22] 1.06 0.08 [0.92, 1.22]
SEIFA decile 0.97 0.04 [0.89, 1.05] 1.00 0.03 [0.94, 1.06]
Fully adjusted model
Unhealthy dietary pattern 1.18 0.06 [1.07, 1.32] 1.09 0.06 [0.98, 1.21]
Healthy dietary pattern 1.04 0.06 [0.93, 1.17] 0.90 0.06 [0.79, 1.02]
Snacking dietary pattern 0.97 0.07 [0.83, 1.12] 0.93 0.07 [0.81, 1.06]
PA attainment days 0.91 0.03 [0.85, 0.97] 1.02 0.04 [0.95, 1.10]
ST attainment days 0.98 0.02 [0.93, 1.03] 0.95 0.02 [0.91, 0.98]
 Age 1.04 0.08 [0.90, 1.21] 0.99 0.07 [0.86, 1.15]
SEIFA decile 0.95 0.04 [0.86, 1.04] 0.97 0.03 [0.91, 1.03]
Sleep (hours/night) 0.78 0.04 [0.70, 0.87] 0.74 0.03 [0.69, 0.79]
 BMI-Z 1.08 0.07 [0.96, 1.22] 1.20 0.06 [1.10, 1.32]
SMFQ: Moods and Feelings Questionnaire–Short Form; SE: standard error; OR: odds ratio; CI: confidence interval; PA: physical activity; ST: screen 
time; SEIFA: Socio-Economic Index for Areas; BMI: body mass index.
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association between healthy diet and depressive symptoms 
in this study is attributable to the use of a less sophisticated 
dietary measurement tool than previous studies.
The association between ST guideline attainment and 
depressive symptomatology was partially consistent with a 
previous Australian study (Hoare et al., 2014a), which 
found that exceeding the guidelines of 2 hours of ST per 
day increased the odds of depressive symptomatology for 
both males and females, but found no association between 
physical activity and depressive symptomatology. These 
differences may be attributable to the measurement tools 
used, as physical activity was classified as low, moderate or 
high based on the previous day’s activity, and ST attain-
ment was estimated based on the preceding weekday and 
weekend, while this study asked participants to recall each 
of the last 7 days.
Consistent with our findings, Kremer et al. (2014) 
observed a significant association between self-reported 
physical activity and reduced likelihood of depressive 
symptomatology, yet they found no support for the ST 
association. That analysis, however, used a single survey 
item to ask participants to estimate their daily physical 
activity and ST behaviours in a ‘normal’ week, and also did 
not stratify the analyses by gender, which may have masked 
the significance of the ST association in girls, if a true gen-
der difference does exist in this association.
The analysis regarding depressive symptom variance 
attributable to the significant predictors identified that 
unhealthy dietary patterns and physical activity guideline 
attainment in males and ST guideline attainment and BMI 
Z-score in females were responsible for a small proportion 
of the variance in SMFQ scores. While the sleep associa-
tion was significant in both genders, and explained a mod-
erate proportion of model variance (1.90% in males, 3.41% 
in females), the overall effect remained small. Individual 
studies have reported significant, but often small effects for 
many risk factors, including socio-economic and commu-
nity factors (Stirling et al., 2015), family structure 
and self-perception (Klasen et al., 2015) and modifiable 
lifestyle behaviours including drug use, sexual behaviours, 
religious practices, sleep, weight and many others (Cairns 
et al., 2014). There appears to be a broad base of small, yet 
important modifiable risk factors that may expose the ado-
lescent population to increased depressive symptomatology 
risk. Although the proportion of variance explained is 
small, given the high prevalence of depression in the popu-
lation, poor diet, reduced physical activity, increased sed-
entary behaviour, inadequate sleep and high BMI-Z may 
translate to a significant burden at the population level.
These data were drawn from a large, population-based 
sample spanning broad geographical and demographic areas 
across Victoria. The sample for this study was recruited using 
an opt-out recruitment process, which was the first of its kind 
for a population-based study of adolescents in Victoria. Opt-
out consent did not appear to place participants at risk of 
adverse outcomes (Lacy et al., 2012), and no formal com-
plaints were raised by participants during this study. Opt-out 
consent also greatly ameliorated the poor opt-in response 
rate observed in the pilot for this study, which was around 
10%. Response rate at the school level remained low at 16%. 
This may have biased the sample at the school level if non-
participation was caused by non-random factors (i.e. non-
participation due to time/resource constraints); however, 
reasons for non-participation were not assessed.
In interpreting these results, it should be considered that 
the measures for physical activity, ST, diet behaviours, 
depressive symptomatology and all covariates (with the 
exclusion of direct-measured anthropometry) were self-
reported. Self-report can be subject to respondent bias and 
recall errors (affecting, for example, estimation of portion 
sizes). In a study with such a large sample as this, however, 
the use of more direct measures for these behaviours (i.e. 
accelerometry, food diaries, etc.) would have created pro-
hibitive logistical and cost burden. Data on other possible 
effect modifiers were not collected in this sample (e.g. body 
image, social support and anxiety).
Table 4. Examination of R2 change in depressive symptomatology attributable to dietary patterns, physical activity, screen time, 
sleep and BMI-Z.
Male Female
Model R2 ΔR2 p Model R2 ΔR2 p
Adjusted regression model – R2 total 0.0522 − − 0.0603 − −
Remove unhealthy diet 0.0427 0.0095 0.0016 n/s − −
Remove PA attainment 0.0458 0.0064 0.0053 n/s − −
Remove ST attainment n/s − − 0.0568 0.0035 0.0044
Remove sleep 0.0332 0.0190 <0.0001 0.0262 0.0341 <0.0001
Remove BMI Z-score n/s − − 0.0543 0.0060 0.0001
BMI: body mass index; PA: physical activity; ST: screen time.
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These data are cross-sectional and longitudinal data 
would be needed to infer causal relationships between the 
health behaviours examined and depressive symptomatol-
ogy. One risk is potential reverse causality in the diet–
depressive symptom relationship (Jacka et al., 2015), 
although this has been extensively investigated in many of 
the prospective studies in the adult literature and the data do 
not support this as an explanation for the relationships 
observed (e.g. Jacka et al., 2015). A recent systematic 
review of the sedentary behaviour–depressive symptoma-
tology relationship suggests that current evidence is thus 
far inadequate for inferring causality (Hoare et al., 2014b).
The evidence points to the potential for prevention 
(Jacka et al., 2012), and next steps should include ran-
domised controlled trials of behaviour change interventions 
targeting sedentary and dietary behaviours to alleviate 
depressive symptomatology among adolescents. These 
results also suggest that mental health outcomes should be 
more widely incorporated into the evaluation of large, pop-
ulation-based health promotion activities. This study sup-
ports small but important associations between lifestyle 
behaviours and depressive symptomatology. This is posi-
tive news, given that previous interventions in other life-
style-related disease prevention fields have successfully 
modified these behaviours in children and adolescents 
(Waters et al., 2011).
Conclusion
Meeting the physical activity guidelines on fewer days per 
week and adhering more closely to an unhealthy diet pat-
tern were associated with greater risk of displaying signifi-
cant depressive symptomatology for males in this study. 
Females who met the ST guidelines on fewer days and who 
had higher BMI-Z were also at greater risk, as were any 
adolescents who reported sleeping fewer hours per night 
regardless of their gender.
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Chapter 5: Thesis Publication III “A Rapid Group Model 
Building Process for Understanding Determinants of 
Adolescent Lifestyle”
This chapter contains the third paper of this thesis, reporting on the development 
of a specially tailored group model building process, designed to capture 
community perspectives on the complex determinants of adolescent lifestyle. 
Presented in this chapter is the authorship declaration, completed in accordance 
with Deakin University’s requirements for thesis by publication, followed by the 
manuscript itself.
This is the first of two manuscripts which address RQ2 of this thesis, which asks: 
“What are the perceived community-level drivers, and feedback processes 
affecting adolescents’ diet and physical activity behaviours, from the perspective 
of adolescents and other community representatives in Victoria?”
This paper describes the GMB workshop process which was designed to capture 
community perceptions of the complex causes of adolescent physical activity and 
diet behaviours, and overcome the limitations of previously reported GMB 
processes from the literature (see Section 2.2.6). The manuscript specifically 
addresses RQ2.1 of this thesis, which asks: “Does the use of a rapid approach to 
GMB produce complex representations of the community-level determinants of 
adolescent physical activity and diet behaviours?”
At the time of submission this paper was under peer review at the journal of 
Systems Research and Behavioural Science.

Steven Allender Assisted with project conception, critical feedback and development of 
manuscript. 
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SURYLGHGFRQWDFWGHWDLOVIRULQGLYLGXDOVZKLFKOHGWRWKHUHFUXLWPHQWRI/*
VWDIIWZRZHUHXQDEOHWRSDUWLFLSDWHGXHWRZRUNFRPPLWPHQWVFRPSULVLQJWKH
KHDOWKSURPRWLRQWHDPOHDGHUSURMHFWVXSSRUWRIILFHUDQGVHYHUDOKHDOWK
SURPRWLRQRIILFHUVDQGLQWHUQV7KHKHDOWKSURPRWLRQWHDPUHFRPPHQGHGD
IXUWKHUHLJKWVHFRQGDU\VFKRROVDQGKHDOWKVHUYLFHSURYLGHUVIRULQYLWDWLRQ
2IWKHHLJKWLQYLWHGVFKRROVIRXUVFKRROVDFFHSWHGWKHLQYLWDWLRQ7ZR
VFKRROVZHUHORFDWHGLQRUFORVHWRWKHFHQWUHRIWKHFRPPXQLW\ZKLOHRQHVDW
ZLWKLQWKHZLGHUVXEXUEDQDUHDDQGRQHZDVORFDWHGLQDVPDOOVDWHOOLWH
FRPPXQLW\QHDUE\7KUHHRXWRIIRXUZHUHJLUOV¶VFKRROVDQGHQUROPHQWVUDQJHG
IURPa±VWXGHQWV7KUHHRIIRXUVFKRROVZHUHRIDSSUR[LPDWHO\DYHUDJH
VRFLRHFRQRPLFDGYDQWDJHGLVDGYDQWDJHZLWKLQVWDQGDUGGHYLDWLRQDQGRQH
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ZDVFRPSDUDWLYHO\DGYDQWDJHGVWDQGDUGGHYLDWLRQDERYHDYHUDJHDFFRUGLQJ
WRSXEOLFO\DYDLODEOHVFKRROOHYHOGDWD9LFWRULDQ6WDWH*RYHUQPHQW'HSDUWPHQW
RI(GXFDWLRQDQG7UDLQLQJ2IWKHIRXUVFKRROVZKRGLGQRWDFFHSWRQH
ZDVDER\V¶VFKRRORQHZDVDJLUOV¶VFKRRODQGDOOZHUHORFDWHGLQWKHVXEXUEDQ
DUHDVXUURXQGLQJWKHFRPPXQLW\FHQWUH(QUROPHQWVUDQJHGIURPa±
VWXGHQWVDQGVFKRROVZHUHFRPSDUDWLYHO\PRUHGLVDGYDQWDJHG2QHVFKRROZDV
PDUJLQDOO\DERYHDYHUDJHVWDQGDUGGHYLDWLRQVDERYHVWDWHDYHUDJHWZR
VFKRROVZHUHEHWZHHQDQGVWDQGDUGGHYLDWLRQVEHORZVWDWHDYHUDJHDQGRQH
VFKRROZDVPRUHWKDQVWDQGDUGGHYLDWLRQEHORZVWDWHDYHUDJH
6FKRROVZKRDFFHSWHGWKHLQYLWDWLRQLGHQWLILHGRQHWHDFKHUDQGXSWRIRXU
VWXGHQWVWRSDUWLFLSDWH6WXGHQWVLQOHDGHUVKLSSRVLWLRQVZHUHUHFRPPHQGHGWRWKH
VFKRROVDVLGHDOFDQGLGDWHV)RXUWHDFKLQJVWDIIDQGQLQHVWXGHQWVZHUHXOWLPDWHO\
UHFUXLWHG2IWKHVFKRROVZKRGLGQRWSDUWLFLSDWHWZRH[SUHVVHGDODFNRI
DYDLODEOHSHUVRQQHOWRDWWHQGDQGWZRGLGQRWUHVSRQGWRWKHLQYLWDWLRQV
2IWKHLQYLWHGKHDOWKVHUYLFHSURYLGHUVIRXUDFFHSWHGWKHLQYLWDWLRQWR
SDUWLFLSDWH5HSUHVHQWHGRUJDQLVDWLRQVLQFOXGHGD\RXWKFGRXQVHOOLQJVHUYLFHD
IDPLO\KHDOWKVHUYLFHIRUGLVDGYDQWDJHGJURXSVDKHDOWKLQVXUHUDQGDODUJH
UHJLRQDOKHDOWKRUJDQLVDWLRQZLWKUHVHDUFKSULPDU\FDUHDQGVHUYLFHGHOLYHU\
GLYLVLRQV2IWKRVHZKRGLGQRWDFFHSWWKHLQYLWDWLRQWKUHHLQGLYLGXDOVKDG
FRQIOLFWLQJZRUNFRPPLWPHQWVRQHGLGQRWZRUNZLWKDGROHVFHQWVDQGRQH
ZRUNHGLQDGLIIHUHQWWRZQ$IXUWKHUWZRGLGQRWUHVSRQG
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$WRWDORISDUWLFLSDQWVZHUHXOWLPDWHO\UHFUXLWHG3UHYLRXVSXEOLFDWLRQV
GHVFULEHWKHRSWLPXPVWDNHKROGHUJURXSVL]HIRU*0%VHVVLRQVDVEHWZHHQDQG
+RYPDQG<DORP7KHLQLWLDOJURXSZDVWKHUHIRUHVSOLWLQWRWZR
JURXSVWRHQDEOHHIIHFWLYHIDFLOLWDWLRQDQGSDUWLFLSDQWVZHUHDOORFDWHGLQWRRQHRI
WZRZRUNVKRS³VWUHDPV´KRZHYHUVRPHSDUWLFLSDQWVLQGLFDWHGDYDLODELOLW\IRUERWK
WLPHVDOORZLQJVRPHUHDOORFDWLRQEHWZHHQVWUHDPVWRFUHDWHJURXSVRIURXJKO\
HTXDOVL]H7KHFRPSRVLWLRQRIWKHVWUHDPVE\SDUWLFLSDQWRUJDQL]DWLRQDUHVKRZQ
LQ7DEOHEHORZ
,QIRUPHGFRQVHQWZDVREWDLQHGIURPDOOSDUWLFLSDQWVXQGHUIXOOHWKLFV
FRPPLWWHHDSSURYDO'HDNLQ8QLYHUVLW\DSSURYHGFRQVHQWIRUPV5HI+($*+
BZLWKHWKLFVFOHDUDQFHIURPWKH9LFWRULDQ*RYHUQPHQW'HSDUWPHQWRI
(GXFDWLRQDQG7UDLQLQJ5HIBDQGWKH&DWKROLF(GXFDWLRQ2IILFH
$UFKGLRFHVHRI0HOERXUQH5HI
:RUNVKRS6HVVLRQ
:RUNVKRSRQHEHJDQZLWKDQRYHUYLHZRIFXUUHQWHYLGHQFHUHJDUGLQJ
DGROHVFHQWSK\VLFDODFWLYLW\DQGQXWULWLRQEHKDYLRXUVDQGWKHLUDVVRFLDWLRQZLWK
DGROHVFHQWGHSUHVVLRQ3DUWLFLSDQWVZHUHLQWURGXFHGWRWKHUHVHDUFKWHDPZKLFK
LQFOXGHGWZRQRWHWDNHUVZKRUHFRUGHGGLVFXVVLRQWKURXJKRXWERWKVHVVLRQV
,QWKHILUVWDFWLYLW\SDUWLFLSDQWVLGHQWLILHGYDULDEOHVZKLFKWKH\XQGHUVWRRG
WRFDXVHRUEHDIIHFWHGE\DGROHVFHQWV¶GLHWDQGSK\VLFDODFWLYLW\EHKDYLRXUV
3DUWLFLSDQWVZRUNHGLQVPDOOJURXSVFUHDWHDVKRUWOLVWRIWKHVHYDULDEOHV7KH
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ZKROHJURXSWKHQDJUHHGRQDVWDUWLQJOLVWRIYDULDEOHVZKLFKVHHGHGWKH
GLVFXVVLRQIRUD³FRQQHFWLRQFLUFOHV´DFWLYLW\
7KHVWDUWLQJOLVWRIYDULDEOHVZHUHGLVSOD\HGDUUDQJHGLQDFLUFOHRQDODUJH
VFUHHQYLDSURMHFWRUV3DUWLFLSDQWVLGHQWLILHGFDXVDOOLQNDJHVEHWZHHQWKH
YDULDEOHVVSHFLI\LQJZKHWKHUWKHUHODWLRQVKLSVZHUHSRVLWLYHRUQHJDWLYH1HZ
YDULDEOHVZHUHLQWURGXFHGWKURXJKRXWWKHDFWLYLW\DVWKH\EHFDPHUHOHYDQW$Q
H[DPSOHFRQQHFWLRQFLUFOHLVSUHVHQWHGEHORZLQ)LJXUH7KHVHVVLRQFRQFOXGHG
ZLWKDVKRUWRYHUYLHZRIWKHQH[WVHVVLRQDQGTXHVWLRQVIURPSDUWLFLSDQWV
)ROORZLQJWKHILUVWVHVVLRQWKHUHVHDUFKWHDPFRQGXFWHGDQ³RIIOLQH
UHYLHZ´WRGHYHORSWKHFRQQHFWLRQFLUFOHLQWRDQLQLWLDO&/'1RWHVIURPWKH
VHVVLRQZHUHVLPXOWDQHRXVO\UHYLHZHGE\WZRUHVHDUFKHUVDQGZKHUHWKHUHZDV
DJUHHPHQWWKDWWKHQRWHVLGHQWLILHGDPLVVLQJRULQFRUUHFWFRQQHFWLRQRUYDULDEOH
WKHPRGHOZDVXSGDWHG:KHUHFRQVHQVXVZDVQRWUHDFKHGWKHEURDGHUUHVHDUFK
WHDPZDVFRQVXOWHGIRUFODULILFDWLRQ
:RUNVKRS6HVVLRQ
:RUNVKRSWZRFRPPHQFHGZLWKDVHVVLRQRYHUYLHZDQGH[SODQDWLRQRIWKH
RIIOLQHUHYLHZSURFHVV,QWKHILUVWDFWLYLW\RIWKHVHVVLRQSDUWLFLSDQWVUHYLHZHGWKH
LQLWLDO&/'ZLWKDIRFXVRQFRUUHFWLQJDVSHFWVRIWKHPRGHOWKDWZHUHLQFRUUHFW
HLWKHULUUHOHYDQWRUUHSUHVHQWHGLQFRUUHFWO\E\WKHUHVHDUFKHUV7KLVDFWLYLW\
VHUYHGDVDWULDQJXODWLRQRUUHVSRQGHQWYDOLGDWLRQRIWKH&/'FRQILUPLQJWKDWWKH
GLDJUDPZDVDIDLWKIXOUHSUHVHQWDWLRQRISDUWLFLSDQWV¶SHUFHSWLRQVZKLOH
KLJKOLJKWLQJDUHDVIRUIXUWKHUGHYHORSPHQW3DUWLFLSDQWVDOVRQRWHGIHHGEDFN
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ORRSV,QWKHVHFRQGDFWLYLW\SDUWLFLSDQWVGLVFXVVHGWKH&/'DQGDPHQGPHQWV
ZKLFKZHUHPDGHLQUHDOWLPHRQDSURMHFWRUVFUHHQ)ROORZLQJWKHZRUNVKRSD
VHFRQGRIIOLQHUHYLHZZDVFRQGXFWHGWRILQDOLVHWKH&/'
5HVXOWV
6WUHDP
6HVVLRQRQHZDVDWWHQGHGE\LQGLYLGXDOVDVRQHSDUWLFLSDQWZDVDEVHQW
IURPWKHILUVWVHVVLRQGXHWRZRUNFRPPLWPHQWV3DUWLFLSDQWVLGHQWLILHGDWRWDORI
FDXVHVRUHIIHFWVRIGLHWDQGSK\VLFDODFWLYLW\EHKDYLRXUVDPRQJDGROHVFHQWV
LQFOXGLQJ³FRVWRIKHDOWK\IRRGV´³WLPHSUHVVXUHIRUIDPLOLHV´³XQGHUVWDQGLQJRI
IXWXUH>KHDOWK@FRQVHTXHQFHV´DQG³VFUHHQWLPH´'XULQJWKHFRQQHFWLRQFLUFOH
DFWLYLW\FRQQHFWLRQVZHUHLGHQWLILHG) OORZLQJRIIOLQHUHYLHZWKHFRQQHFWLRQ
FLUFOHFRQWDLQHGYDULDEOHVDQGFRQQHFWLRQV
6HVVLRQWZRZDVDWWHQGHGE\SDUWLFLSDQWVZLWKXQDEOHWRDWWHQGGXHWR
ZRUNFRPPLWPHQWV)HHGEDFNRQWKH&/'IRFXVVHGSULPDULO\RQWKHUROHRI
DGROHVFHQWVRFLDODQGSK\VLFDOGHYHORSPHQW3DUWLFLSDQWVIHOWWKDWWKHPRGHOGLG
QRWDGHTXDWHO\UHSUHVHQWWKHLQIOXHQFHRIWKHPHGLDDQGFHOHEULWLHVRQKHDOWK\
DGROHVFHQWSHHUFXOWXUH3DUWLFLSDQWVDOVRVDZDQHHGIRUJUHDWHUGHWDLODURXQGWKH
UROHRIEXOO\LQJDQGSXEHUW\RQERG\LPDJHDQGVXEVHTXHQWLPSDFWVRQGLHWDU\
DQGSK\VLFDODFWLYLW\EHKDYLRXUV7KHUROHRIVFKRROVZDVDOVRGLVFXVVHGDVDQ
HIIHFWLYHEXWUHVRXUFHFRQVWUDLQHGDYHQXHIRUVWXGHQWVWRJDLQXQGHUVWDQGLQJDQG
NQRZOHGJHRIKHDOWK\QXWULWLRQ
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)ROORZLQJGLVFXVVLRQRIWKHVHFRQFHSWVDQGUHYLVLRQWRWKH&/'WKH
GLDJUDPFRQWDLQHGYDULDEOHVDQGFRQQHFWLRQV2IIOLQHUHYLHZUHVXOWHGLQWKH
DGGLWLRQRIRQHYDULDEOHDQGWKUHHFRQQHFWLRQV7KHILQDOYHUVLRQRIWKHVWUHDP
&/'LVVKRZQLQ)LJXUH
3DUWLFLSDQWVLGHQWLILHGVHYHUDOH[DPSOHVRIIHHGEDFNLQWKHPRGHOPDQ\RI
ZKLFKFHQWUHGRQWHFKQRORJ\XVHH[SRVXUHWRDGYHUWLVLQJDQGFHOHEULW\LQIOXHQFH
$QH[DPSOHRIRQHRIWKHVHORRSVODEHOOHGWKH³&HOHEULW\FXOWXUHDQGPHGLD´ORRS
LVJLYHQLQ)LJXUH,QWKLVIHHGEDFNORRSSDUWLFLSDQWVGHVFULEHGDVFHQDULRZKHUH
UHFUHDWLRQDOWHFKQRORJ\XVHFRQWULEXWHGWRWRWDOWHFKQRORJ\XVHWLPH$VRYHUDOO
WHFKQRORJ\XVHLQFUHDVHGVRGLGH[SRVXUHWRPDUNHWLQJDQGDGYHUWLVLQJPHVVDJHV
IRUXQKHDOWK\IRRGVZKLFKZHUHRIWHQDVVRFLDWHGZLWKFHOHEULW\SHUVRQDOLWLHV$V
WKHLQIOXHQFHRIFHOHEULWLHVLQFUHDVHGWKLVQHJDWLYHO\LQIOXHQFHGSHHUFXOWXUHE\
HQFRXUDJLQJDGROHVFHQWVWRHQJDJHLQPRUHWHFKQRORJ\XVH7KLVORRSZDVDGULYHU
RISK\VLFDODFWLYLW\YLDWKHYDULDEOH³WLPHSUHVVXUHIRU\RXQJSHRSOH´
3DUWLFLSDQWVUHIOHFWHGWKDWWLPHDYDLODEOHIRUSK\VLFDODFWLYLW\ZDVGLVSODFHGE\WKH
XVHRIWHFKQRORJ\LQDGROHVFHQWV¶OHLVXUHWLPH
6WUHDP
6HVVLRQRQHZDVDWWHQGHGE\LQGLYLGXDOVZLWKWZRDEVHQFHVIURPWKH
ILUVWVHVVLRQRQHGXHWRLOOQHVVDQGRQHWRZRUNFRPPLWPHQWV7ZHQW\ILYH
FDXVHVDQGHIIHFWVRIGLHWDQGSK\VLFDODFWLYLW\EHKDYLRXUVZHUHLGHQWLILHGE\
SDUWLFLSDQWVLQFOXGLQJ³$IIRUGDELOLW\RIIUHVKIUXLWDQGYHJ´³SUHVVXUHRIVWXGLHV´
³NQRZOHGJHRI$XVWUDOLDQSK\VLFDODFWLYLW\JXLGHOLQHV´DQG³WHFKQRORJ\XVH´
)LIW\WZRFRQQHFWLRQVZHUHVSHFLILHGE\SDUWLFLSDQWVLQWKHFRQQHFWLRQFLUFOHV
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H[HUFLVH)ROORZLQJRIIOLQHUHYLHZWKHFRQQHFWLRQFLUFOHFRQWDLQHGYDULDEOHV
DQGFRQQHFWLRQV
6HVVLRQWZRZDVDWWHQGHGE\LQGLYLGXDOVDVSDUWLFLSDQWIURP
ZRUNVKRSZDVXQDEOHWRDWWHQGGXHWRZRUNLQJFRPPLWPHQWV)HHGEDFNRQWKH
&/'IRFXVHGRQWKHUROHRIWLPHSUHVVXUHNQRZOHGJHRIKRZWREXGJHW
HIIHFWLYHO\DQGWKHDPRXQWRIIUHVKIRRGWKDWLVFRQVXPHGLQWKHKRPHVHWWLQJ
&RPPXQLW\LQYROYHPHQWZDVDOVRDGGHGWRWKHPRGHODVDYDULDEOHZKLFK
LQIOXHQFHGFRPPXQLW\VDIHW\DQGXVHRIDFWLYHWUDQVSRUW2QHYDULDEOHIRFXVLQJRQ
³VHHNLQJDOWHUQDWLYHRUXQXVXDOSK\VLFDODFWLYLW\RSSRUWXQLWLHV´ZDVUHPRYHGDVLW
ZDVGHHPHGE\SDUWLFLSDQWVWRQRWEHUHOHYDQW)ROORZLQJJURXSGLVFXVVLRQRIWKLV
IHHGEDFNWKHGLDJUDPFRQWDLQHGYDULDEOHVDQGFRQQHFWLRQV2IIOLQHUHYLHZ
LGHQWLILHGQRPLVVLQJRULQFRUUHFWFRQWHQW7KHILQDOYHUVLRQRIWKHVWUHDP&/'
LVVKRZQLQ)LJXUH
6HYHUDOIHHGEDFNORRSVZHUHLGHQWLILHGLQWKHVWUHDP&/')HHGEDFN
ORRSVZHUHIRXQGWRLQIOXHQFHDUDQJHRIYDULDEOHVLQFOXGLQJWHFKQRORJ\XVHIRRG
DQGFRRNLQJVNLOOVDQGVSRUWVSDUWLFLSDWLRQ2QHH[DPSOHRIDIHHGEDFNORRS
ODEHOOHGWKH³0DUNHWLQJDQGSHHULQIOXHQFH´ORRSLVJLYHQLQ)LJXUH
,QWKLVORRSSDUWLFLSDQWVGHVFULEHGWKDWGHFOLQLQJIRRGUHODWHGVNLOOVPHDQW
WKDWDGROHVFHQWVHQFRXQWHUHGIHZHUKHDOWK\PDUNHWLQJPHVVDJHVDVDGROHVFHQWV
ZKRKDGSRRUIRRGVNLOOVZHUHQRW³PDUNHWLQJ´KHDOWK\PHVVDJHVWRWKHLUSHHUV
³PDUNHWLQJ´ZDVGHILQHGE\WKHJURXSDVUHIHUULQJQRWRQO\WRPHGLDEDVHG
PDUNHWLQJEXWDOVRWRWKHEHKDYLRXUDOPHVVDJLQJWKDWRFFXUVZLWKLQSHHUJURXSV
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/HVVH[SRVXUHWRKHDOWK\PHVVDJLQJVXEVHTXHQWO\LQFUHDVHGWKHSURSRUWLRQRI
XQKHDOWK\PHVVDJHVWKDWDGROHVFHQWVHQFRXQWHUHG$VH[SRVXUHWRXQKHDOWK\
PHVVDJLQJLQFUHDVHGWKHUHZDVDFRQFRUGDQWUHGXFWLRQLQWKHGHJUHHWRZKLFK
³FRRO´EHKDYLRXUVRUWUHQGVDPRQJDGROHVFHQWVZRXOGEHKHDOWKSURPRWLQJ7KLV
LQWXUQIXUWKHUUHGXFHGDGROHVFHQWV¶NQRZOHGJHDQGVNLOOVUHJDUGLQJIRRG7KLV
ORRSZDVDGULYHURIIUHVKIRRGFRQVXPSWLRQLQIDPLOLHVDVSRRUIRRGNQRZOHGJH
DQGVNLOOVUHGXFHGWKHDELOLW\WREXGJHWIRUDQGDIIRUGKHDOWK\PHDOVDQGIRRGV
'LVFXVVLRQ
7KH*0%SURFHVVGHVFULEHGLQWKLVSDSHUJHQHUDWHG&/'VRIFRPPXQLW\
OHYHOFDXVHVRIDGROHVFHQWSK\VLFDODFWLYLW\DQGGLHWEHKDYLRXUV
7KHSURFHVVZDVHIILFLHQWDQGZDVDEOHWREHFRPSOHWHGDFURVVWZR
PLQXWHVHVVLRQVPLQLPLVLQJWKHWLPHFRPPLWPHQWRQDJLYHQGD\IRUSDUWLFLSDQWV
DQGUHVWULFWLQJWKHRYHUDOOWLPHEXUGHQRIWKH*0%WRWKUHHKRXUV7KHVWXG\
VXFFHVVIXOO\UHFUXLWHGSDUWLFLSDQWVIURPDUDQJHRIVHWWLQJVLQFOXGLQJVRPHLQ
VHQLRURUJDQL]DWLRQDOSRVLWLRQVZKRKDYHEHHQGLIILFXOWWRUHFUXLWLQSUHYLRXV
UHVHDUFK
)HHGEDFNORRSVDUHDNH\IDFWRULQWKHXWLOLW\RI*0%DVDWRROIRU
LQWHUYHQWLRQGHVLJQDVWKH\SURYLGHWKHPHDQVWRLGHQWLI\HOHPHQWVRISROLF\
UHVLVWDQFHRIWHQFDXVHGE\IHHGEDFNSURFHVVHVZKHUHE\V\VWHPVWRVHOIFRUUHFWRU
³SXVKEDFN´DJDLQVWLQWHUYHQWLRQV0HDGRZV3DUWLFLSDQWVLQWKLVVWXG\
LGHQWLILHGPXOWLSOHIHHGEDFNORRSVGXULQJWKHVHFRQGZRUNVKRSVHVVLRQV
http://mc.manuscriptcentral.com/srbs
Systems Research and Behavioral Science 1
For Peer Review
0HDQLQJIXOFDXVDOFKDLQVFRXOGEHWUDFHGIURPWKHIHHGEDFNORRSVWKURXJKWR
WDQJLEOHRXWFRPHVVXFKDVSDUWLFLSDWLRQLQSK\VLFDODFWLYLW\DQGWKHFRQVXPSWLRQ
RIIUXLWDQGYHJHWDEOHVZLWKLQWKHIDPLO\VHWWLQJ
,QFUHDVHVLQSUREOHPDZDUHQHVVRZQHUVKLSDWKLJKRUJDQLVDWLRQDOOHYHOV
DQGGULYHWRUHVSRQGWRDSUREOHPKDYHSUHYLRXVO\EHHQLGHQWLILHGDVFRPSRQHQWV
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http://mc.manuscriptcentral.com/srbs
Systems Research and Behavioral Science 1
For Peer Review
IRFXVRQGULYHUVRIDGROHVFHQWOLIHVW\OHEHKDYLRXUVVKRXOGHQJDJHZLWKWKHVH
JURXSVZKHUHSRVVLEOH3DUWLFLSDWLRQDWIROORZXSZDVDOVRFRPSDUDWLYHO\ORZLQ
VWUHDPZLWKRQO\RISDUWLFLSDQWVUHWXUQLQJWRWKHVHFRQGVHVVLRQDV
RSSRVHGWRLQVWUHDP,WLVOLNHO\WKDWWKLVELDVHGWKHFRQWHQWRIWKHVWUHDP
&/'WRZDUGVWKHSHUVSHFWLYHRIWKHSDUWLFLSDQWVZKRUHWXUQHGKRZHYHULWDOVR
KLJKOLJKWVWKHDGYDQWDJHRIWKHPLQXWHVHVVLRQVWUXFWXUH2IWKHSDUWLFLSDQWV
ZKRDWWHQGHGDWOHDVWRQHZRUNVKRSZHQWRQWRDWWHQGERWKVHVVLRQVLQFOXGLQJ
DOOVFKRROSDUWLFLSDQWVDQGWKHWHDPOHDGHUDQGSURMHFWVXSSRUWRIILFHUIURPWKH
/*JURXS2QO\HLJKWLQGLYLGXDOVZHUHXQDEOHWRDWWHQGVHVVLRQWZR+DGWKHILUVW
VHVVLRQUHTXLUHGSDUWLFLSDQWVWRFRPPLWWRWKHHQWLUHPLQXWHVRQRQHGD\LWLV
OLNHO\WKDWSDUWLFLSDWLRQUDWHVZRXOGKDYHEHHQORZHU
)XUWKHUUHVHDUFKVKRXOGLQYHVWLJDWHPHDQVWRFRPSDUHWKH&/'VFUHDWHGE\
WKHWZRZRUNVKRSVWUHDPV2QHSURPLVLQJDSSURDFKLVWRFRQVLGHUWKH&/'DVD
IRUPRIGLUHFWHGVRFLDOQHWZRUNDQGDSSO\DQGWRDSSO\6RFLDO1HWZRUN$QDO\VLV
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FRPSDUDEOHZD\VRUZKHWKHUEURDGHUHQJDJHPHQWLVZDUUDQWHG
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Chapter 6: Thesis Publication IV “Comparing Multiple 
Stakeholder Perspectives on Complex Determinants of 
Adolescent Lifestyle Risk”
This chapter contains the fourth paper of this thesis, reporting on the quantitative 
analysis of causal loop diagrams describing the community level determinants of 
adolescent diet and physical activity behaviours. Presented in this chapter is the 
authorship declaration, completed in accordance with Deakin University’s 
requirements for thesis by publication, followed by the manuscript itself.
This is the second of two manuscripts which address RQ2 of this thesis, which 
asks: “What are the perceived community-level drivers, and feedback processes 
affecting adolescents’ diet and physical activity behaviours, from the perspective 
of adolescents and other community representatives in Victoria?”
This paper describes the results of a quantitative analysis and comparison of the
two adolescent lifestyle CLDs created by participants, and presented in Chapter 5, 
above. The manuscript specifically addresses RQ2.2 of this thesis, which asks: 
“What similarities or differences can be observed in CLDs constructed by 
independent groups from a repeat-methods GMB workshop, regarding the 
perceived drivers of community-level adolescent diet and physical activity?”
At the time of submission this paper was under peer review at the journal of 
Systems Research and Behavioural Science.

Steven Allender Assisted with project conception, critical feedback and development of 
manuscript. 
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EHKDYLRXUVLQWKHLUFRPPXQLW\0RGHOGHQVLW\RXWGHJUHHDQGEHWZHHQQHVV
FHQWUDOLW\ZHUHXVHGWRTXDQWLI\DQGFRQWUDVW&/'V
5HVXOWV7KH&/'VGHPRQVWUDWHGVLPLODUTXDQWLILDEOHFKDUDFWHULVWLFV0RGHO
GHQVLW\DSSHDUHGVLPLODUDQGVLPLODUVRFLRFXOWXUDOGULYHUVZHUHUDQNHGKLJKO\E\
RXWGHJUHHDQGEHWZHHQQHVVFHQWUDOLW\'LIIHUHQFHVEHWZHHQWKH&/'VZHUH
REVHUYHGLQIHHGEDFNORRSIUHTXHQF\
&RQFOXVLRQV,QGHSHQGHQWJURXSVFUHDWHGFRPSDUDEOHPRGHOVVKRZLQJDGHQVHO\
LQWHUFRQQHFWHGV\VWHPGULYLQJDGROHVFHQWSK\VLFDODFWLYLW\DQGGLHWEHKDYLRXU
7KLVSURFHVVRIGHYHORSLQJ&/'VFDQFUHDWHFRPSDUDEOHJHQHUDOLVHGPRGHOVRI
FRPSOH[LW\WRVXSSRUWLQWHUYHQWLRQGHVLJQLPSOHPHQWDWLRQDQGHYDOXDWLRQIRU
FRPSOH[SUREOHPV
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,QWURGXFWLRQ
7KH)RUHVLJKWREHVLW\PRGHO%XWODQGHWDOEURXJKWWKHXVHRI
FDXVDOORRSGLDJUDPVDVDPHDQVRIUHSUHVHQWLQJFRPSOH[LW\WRWKHSXEOLFKHDOWK
OLWHUDWXUH6HYHUDODXWKRUVKDYHSRLQWHGWRWKHSRWHQWLDOEHQHILWVRIYLHZLQJKHDOWK
SUREOHPVWKURXJKDFRPSOH[OHQVLQDUDQJHRISUREOHPVLQFOXGLQJPDWHUQDODQG
FKLOGKHDOWK.URHOLQJHUHWDOXUEDQKHDOWK7R]DQDQG2PSDG
KHDOWKGLVSDULWLHV5RX[VFKRROEDVHGKHDOWKSURPRWLRQ5RVDVDQG
RWKHUDUHDV$V\VWHPVSHUVSHFWLYHUHSUHVHQWVDUDQJHRIDSSURDFKHVIURPPDQ\
GLIIHUHQWLQWHOOHFWXDOWUDGLWLRQVSURYLGLQJPHDQVWRXQGHUVWDQGDQGDGGUHVVWKH
GULYHUVRIFRPSOH[SUREOHPV,VRQ6\VWHPVVFLHQFHSURYLGHVDUDQJHRI
WRROVZKLFKVSHFLILFDOO\DLPWRLQYHVWLJDWHQRQOLQHDULW\XQLQWHQGHGFRQVHTXHQFHV
DQGIHHGEDFNDVLPSRUWDQWHOHPHQWVRIFRPSOH[SUREOHPV0RUHFURIW
3UHYLRXVGLVFXVVLRQRIWUDGLWLRQDOUHGXFWLRQLVWDSSURDFKHVVXJJHVWWKDWWKHIDLOXUH
WRDFFRXQWIRUWKHVHFKDUDFWHULVWLFVKDVSUHYLRXVO\OHGWRVXERSWLPDOLQWHUYHQWLRQ
HIIRUWVLQSRSXODWLRQKHDOWKSURPRWLRQ0DEU\HWDO
6\VWHP'\QDPLFV6'LVRQHPHWKRGRORJ\IRUXQGHUVWDQGLQJDQG
HQJDJLQJZLWKFRPSOH[SRSXODWLRQKHDOWKSUREOHPV+RPHUDQG+LUVFKLW
LVSULPDULO\FRQFHUQHGZLWKWKHLGHQWLILFDWLRQRIWKHPXOWLSOHGULYHUVRIDSUREOHP
DQGWKHLUFDXVDOLQWHUUHODWLRQVKLSV5LFKDUGVRQ7KH6'SHUVSHFWLYH
FRQWHQGVWKDWWKHEHKDYLRXURIDV\VWHPDULVHVIURPWKHLQWHUFRQQHFWLRQVEHWZHHQ
WKHGULYHUVZLWKLQWKHV\VWHP0RUHFURIWSDUWLFXODUO\ZKHUHFORVHGFKDLQV
RIFDXVDOO\UHODWHGYDULDEOHVIRUP³IHHGEDFNORRSV´ZKLFKGULYHV\VWHPEHKDYLRXU
RYHUWLPH.DPSPDQQ6\VWHP'\QDPLFVPRGHOOLQJHPSOR\VJUDSKLFDO
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PRGHOOLQJWHFKQLTXHVWRH[SRVHIHHGEDFNVWUXFWXUHVZKLFKFDQEHXVHGWRH[SODLQ
XQLQWHQGHGFRQVHTXHQFHVRIDFWLRQQRQOLQHDUFKDQJHLQRXWFRPHVRYHUWLPHLH
H[SRQHQWLDOJURZWKRUIOXFWXDWLRQDQGKRZFDXVHVDQGHIIHFWVPD\EHVHSDUDWHG
E\ERWKWLPHDQGJHRJUDSKLFDOVSDFH0RUHFURIW)HHGEDFNORRSVDUHRIWHQ
FLWHGDVKLJKYDOXHOHYHUDJHSRLQWVIRULQWHUYHQWLRQLQFRPSOH[V\VWHPV
0HDGRZV:DQJHWDODQGDUHDSULPDU\IRFXVRI6'
:LWKLQ6'DSDUWLFLSDWRU\DSSURDFKNQRZQDV*URXS0RGHO%XLOGLQJ
*0%DOORZVVWDNHKROGHUVWREHDFWLYHO\LQYROYHGLQWKHGHYHORSPHQWRI6'
PRGHOVFRPPRQO\UHIHUUHGWRDV&DXVDO/RRS'LDJUDPV&/'VRIFRPSOH[
SUREOHPV+RYPDQGHWDO5HFHQWDSSOLFDWLRQVRIWKH*0%SURFHVVWR
SRSXODWLRQKHDOWKSUREOHPVLQFOXGHV&/'VRIWKHGULYHUVRIREHVLW\$OOHQGHUHW
DOSDWLHQWIORZVWKURXJKSULPDU\KHDOWKFDUH3LHWHUVHWDODQG
DFFHVVWRFRPPXQLW\UHFUHDWLRQDQGSDUNVSDFHV0RUHODQG
&XUUHQWO\*0%LVD³VPDOOJURXS´SURFHVVZLWKDQRSWLPDOJURXSVL]HRI
EHWZHHQDQGSDUWLFLSDQWV+RYPDQG,QSUHYLRXVVWXGLHVVXFKJURXSV
KDYHFUHDWHGPRGHOVDLPLQJWRUHSUHVHQWSHUFHLYHGGULYHUVRIKHDOWKSUREOHPV
ZLWKLQZKROHFRPPXQLWLHV$OOHQGHUHWDO0RUHODQG+RZHYHUORZ
SDUWLFLSDQWQXPEHUVLQWKLVSURFHVVFKDOOHQJHWKHUHSUHVHQWDWLYHQHVVDQG
JHQHUDOLVDELOLW\RIWKHRXWFRPHVEH\RQGWKHVPDOOQXPEHURISDUWLFLSDQWVZKRDUH
LQWKHURRPZKHQWKHPDSZDVFUHDWHG7KLVLVVXHKDVEHHQUDLVHGDVDOLPLWDWLRQ
LQERWKDSSOLHG*0%VWXGLHV$OOHQGHUHWDODQGLQWKHRUHWLFDOGLVFXVVLRQV
=DJRQHO)XUWKHUZRUNLVQHHGHGWRH[DPLQHWKHLQIOXHQFHRIWKLV
³SDUWLFLSDQWJURXSHIIHFW´RQWKHRXWSXWVRI*0%SURMHFWV
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7RGDWHWKHUHKDVEHHQRQHVWXG\SURSRVLQJDPHWKRGRORJ\IRUGLUHFWO\
FRPSDULQJ&/'V6FKRO]HWDO7KHDSSURDFKHPSOR\HG9HQQ'LDJUDPVWR
VKRZFRPPRQYDULDEOHVEHWZHHQ&/'VDQGSURYLGHGDUHODWLYHFRPSDULVRQRIWKH
YDULDEOHVZLWKLQWKHPRGHO+RZHYHUWKHUHLVVWLOODJDSLQRXUNQRZOHGJH
UHJDUGLQJPHWKRGVWRTXDQWLI\WKHGLUHFWLRQDQGVWUHQJWKRIUHODWLRQVKLSVEHWZHHQ
YDULDEOHVLQPXOWLSOH&/'VDWWHPSWLQJWRXQGHUVWDQGWKHFRPSOH[LW\RISUREOHPV
IURPPXOWLSOHSRLQWVRIYLHZ
6RFLDO1HWZRUN$QDO\VLVWHFKQLTXHVDQGUHFHQWDGYDQFHVLQFRPSXWLQJ
SRZHUQRZPDNHLWSRVVLEOHWRTXDQWLI\WKHFRQWHQWVDQGVWUXFWXUHRI&/'V7KHVH
WHFKQLTXHVSURYLGHWKHPHDQVWRIXUWKHUDQDO\VHFRPSDUHDQGXQGHUVWDQG
VLPLODULWLHVDQGGLIIHUHQFHVLQ&/'VFUHDWHGE\PXOWLSOHLQGHSHQGHQWJURXSV
FRQVLGHULQJWKHVDPHSUREOHPVXFKDVWKRVHUHFHQWO\FRQGXFWHGIRUWKH+HDOWK\
$GROHVFHQW/LIHVW\OH+$/0DSVSURMHFW,QWKH+$/0DSVSURMHFWDVHULHVRI
ZRUNVKRSVZHUHFRQGXFWHGXVLQJWKHVDPHDSSURDFKLQRUGHUWRXQGHUVWDQG
PXOWLSOHYLHZSRLQWVRIWKHFRPSOH[GULYHUVRIDGROHVFHQWKHDOWKUHODWHGOLIHVW\OH
EHKDYLRXUVLQ9LFWRULD$XVWUDOLD7KHRYHUDOODLPRIWKLVVWXG\ZDVWKXVWRDGGUHVV
WKHUHVHDUFKTXHVWLRQ:KDWVLPLODULWLHVRUGLIIHUHQFHVFDQEHREVHUYHGLQ&/'V
FRQVWUXFWHGE\LQGHSHQGHQWJURXSVIURPWKH+$/0DSV*0%ZRUNVKRSV
UHJDUGLQJWKHSHUFHLYHGGULYHUVDQGFDXVDOVWUXFWXUHRIWKHFRPPXQLW\OHYHO
DGROHVFHQWGLHWDQGSK\VLFDODFWLYLW\V\VWHPLQ9LFWRULD$XVWUDOLD"
0HWKRGV
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7KH+$/0DSVSURMHFWZDVDVHULHVRI*0%ZRUNVKRSVFRQGXFWHGLQD
FRPPXQLW\LQ9LFWRULD$XVWUDOLD7ZRLQGHSHQGHQWJURXSVZHUHUHFUXLWHGHDFK
RIZKLFKGHYHORSHGD&DXVDO/RRS'LDJUDP&/'GHVFULELQJWKHSHUFHLYHG
GULYHUVRIDGROHVFHQWGLHWDQGSK\VLFDODFWLYLW\EHKDYLRXUVLQWKHLUFRPPXQLW\
7KHPHWKRGVDUHGHVFULEHGLQGHWDLOLQWKHFRPSDQLRQSLHFHWRWKLVDUWLFOHDOVR
LQFOXGHGLQWKLVLVVXHDQGDUHVXPPDULVHGEHORZ
*URXS0RGHO%XLOGLQJZRUNVKRSV
7KHZRUNVKRSVZHUHFRQGXFWHGE\WUDLQHGIDFLOLWDWRUVZLWKSULRU
H[SHULHQFHLQ*0%GHOLYHU\3DUWLFLSDQWVLQLWLDOO\LGHQWLILHGDOLVWRIFDXVHVDQG
HIIHFWVRIDGROHVFHQWGLHWDQGSK\VLFDODFWLYLW\EHKDYLRXUVDQGSULRULWLVHGWKH
³PRVWLPSRUWDQW´YDULDEOHV7KHVHYDULDEOHVZHUHSURMHFWHGRQWRDVFUHHQDWWKH
IURQWRIWKHURRPDQGSDUWLFLSDQWVLGHQWLILHGFDXVDOOLQNDJHVEHWZHHQWKHPDGGLQJ
QHZYDULDEOHVDVUHTXLUHG1RWHWDNHUVWRRNZULWWHQDFFRXQWVRIWKHGLVFXVVLRQV
WKURXJKRXW)ROORZLQJWKHILUVWZRUNVKRSWKHUHVHDUFKWHDPUHYLVHGWKH
FRQQHFWLRQFLUFOHLQWRDQLQLWLDO&/'YLVXDOO\FODULI\LQJWKHGLDJUDPDQG
UHPRYLQJHUURUVDQGUHGXQGDQFLHVEDVHGRQWKHZRUNVKRSQRWHV
,QWKHVHFRQGZRUNVKRSSDUWLFLSDQWVSURYLGHGZULWWHQIHHGEDFNRQWKH
LQLWLDO&/'KLJKOLJKWLQJHUURUVDQGRPLVVLRQV3URSRVHGDPHQGPHQWVZHUH
GLVFXVVHGDQGPDGHLQUHDOWLPH)ROORZLQJWKHZRUNVKRSWKHUHVHDUFKHUVRQFH
DJDLQUHYLHZHGWKHPRGHOEDVHGRQQRWHWDNHUVDFFRXQWV
3DUWLFLSDQWV
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$SXUSRVLYHVDPSOLQJDSSURDFKZDVXVHGWRUHFUXLWKHDOWKSURPRWLRQ
SHUVRQQHOIURP/RFDO*RYHUQPHQW/*ZKRVXEVHTXHQWO\UHFRPPHQGHG
SRWHQWLDOSDUWLFLSDQWVIURPRWKHUWDUJHWJURXSVUHSUHVHQWLQJDVQRZEDOOVDPSOLQJ
DSSURDFK$GGLWLRQDOSDUWLFLSDQWVZHUHGUDZQIURPKHDOWKVHUYLFHVDQGDOVR
LQFOXGHGVHFRQGDU\VFKRROWHDFKHUVDQGVWXGHQWV
2IWKH/*SHUVRQQHOLGHQWLILHGDQGLQYLWHGWRSDUWLFLSDWHZHUH
UHFUXLWHGLQWRWKHVWXG\WZRZLWKGUHZGXHWRFRQIOLFWLQJZRUNFRPPLWPHQWV7KH
/*JURXSUHFRPPHQGHGDWRWDORIHLJKWVHFRQGDU\VFKRROVDQGKHDOWKVHUYLFH
VWDIIIRULQYLWDWLRQZKLFKOHGWRWKHUHFUXLWPHQWRIIRXUWHDFKLQJVWDIIQLQH
VWXGHQWVDQGIRXUKHDOWKVHUYLFHSURYLGHUVIRUDWRWDORISDUWLFLSDQWV7KH
JURXSZDVGLYLGHGLQWRWZRLQGHSHQGHQWJURXSVSDUWLFLSDQWVZHUHSODFHGLQWR
*URXSDQGLQWR*URXS7KHUHVXOWVIURPWKHVHWZRLQGHSHQGHQWJURXSV
UHSUHVHQWWKHGDWDFRPSULVLQJWKHEDVLVRIWKLVSDSHU
,QIRUPHGFRQVHQWZDVREWDLQHGIURPDOOSDUWLFLSDQWVXVLQJ'HDNLQ
8QLYHUVLW\DSSURYHGFRQVHQWIRUPV5HI+($*+B9LFWRULDQ
*RYHUQPHQW'HSDUWPHQWRI(GXFDWLRQDQG7UDLQLQJ5HIBDQGWKH
&DWKROLF(GXFDWLRQ2IILFH$UFKGLRFHVHRI0HOERXUQH5HI&RQVHQWIRUPV
FRQWDLQHGDQH[SODQDWLRQRIWKHVWXG\DLPVDQGPHWKRGRORJ\LQVLPSOHODQJXDJH
)RUVWXGHQWSDUWLFLSDQWVFRQVHQWZDVVRXJKWIURPERWKWKHSDUWLFLSDQWDQGD
SDUHQWJXDUGLDQ
$QDO\VLV
http://mc.manuscriptcentral.com/srbs
Systems Research and Behavioral Science 1
For Peer Review
6RFLDO1HWZRUN$QDO\VHV61$ZHUHXVHGWRFRPSDUHWKHLQGHSHQGHQW
GLDJUDPV(DFK&/'ZDVWUHDWHGDVDQXQZHLJKWHGGLUHFWHGQHWZRUNZLWK
YDULDEOHVDVQRGHVDQGFDXVDOFRQQHFWLRQVDVHGJHV7KH&/'VIURPERWKJURXSV
ZHUHVXEVHTXHQWO\LPSRUWHGLQWRWKH*HSKLVRIWZDUHSDFNDJH*HSKL&RQVRUWLXP
3DULVIRU61$DQDO\VHVDQG,QVLJKW0DNHU6FRWW)RUWPDQQ5RH6DQ)UDQFLVFR
&$)RUWPDQQ5RHIRUIHHGEDFNORRS,GHQWLILFDWLRQ
0RGHOOHYHO61$
*HSKLZDVXVHGWRUHSRUWWKHWRWDOQXPEHURIYDULDEOHVDQGFDXVDO
FRQQHFWLRQVLQHDFKPRGHOµ$YHUDJHGHJUHH¶ZDVWKHQFDOFXODWHGUHSUHVHQWLQJ
WKHPHDQQXPEHURIFDXVDOFRQQHFWLRQVSHUYDULDEOHLQWKHPRGHOµ'HQVLW\¶ZDV
DOVRFDOFXODWHGUHSUHVHQWLQJWKHSURSRUWLRQRIDOOSRVVLEOHFDXVDOFRQQHFWLRQVWKDW
ZHUHDFWXDOO\LQWKHPRGHOUDQJLQJIURPQRFRQQHFWLRQVWRDOOSRVVLEOH
FRQQHFWLRQV
9DULDEOHOHYHO61$
µ2XWGHJUHH¶DQGµEHWZHHQQHVVFHQWUDOLW\¶ZHUHDOVRFDOFXODWHGLQ*HSKLWR
LGHQWLI\LQIOXHQWLDOYDULDEOHVLQWKH&/'V:LWKLQWKHFRQWH[WRI&/'VRXWGHJUHH
FDQEHLQWHUSUHWHGDVDPHDVXUHRIWKHGLUHFWLQIOXHQFHRQHYDULDEOHPD\KDYHRYHU
RWKHUYDULDEOHVLQWKH&/'9DULDEOHVZLWKKLJKHURXWGHJUHHPD\EHLPSRUWDQW
LQWHUYHQWLRQWDUJHWVGXHWRWKHLUGLUHFWLPSDFWRQDQXPEHURIRWKHUHOHPHQWV
ZLWKLQWKHV\VWHP0F*ODVKDQHWDO%HWZHHQQHVVFHQWUDOLW\LQGLFDWHV
YDULDEOHVWKDWDFWDVPHGLDWRUYDULDEOHVZLWKLQWKHPRGHO7KHEHWZHHQQHVV
FHQWUDOLW\UHIHUUHGWRKHUHRQDVµEHWZHHQQHVV¶RIDYDULDEOHLVSURSRUWLRQDOWRWKH
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QXPEHURIVKRUWHVWSDWKZD\VEHWZHHQDOORWKHUYDULDEOHSDLUVWKDWDJLYHQYDULDEOH
IHDWXUHVLQ9DULDEOHVZLWKKLJKEHWZHHQQHVVPD\WKHUHIRUHEHLQWHUSUHWHGDV
FRQWUROYDULDEOHVZLWKLQDQHWZRUN)UHHPDQ&RPSDUHGWRRXWGHJUHH
ZKLFKRQO\DFFRXQWVIRUGLUHFWFDXVDOUHODWLRQVKLSVEHWZHHQQHVVDFFRXQWVIRUWKH
SRVLWLRQRIDYDULDEOHZLWKLQDQHQWLUHQHWZRUNDQGLVWKHUHIRUHDPRUHUHILQHG
PHDVXUHRIPRGHOLQIOXHQFH,QRUGHUWRHQDEOHHDVLHUFRPSDULVRQRIYDULDEOHV¶
UHODWLYHLQIOXHQFHDFFRUGLQJWRRXWGHJUHHDQGEHWZHHQQHVVVFRUHVRQERWK
PHDVXUHVDUHQRUPDOLVHGWRDFRPPRQVFDOHUDQJLQJWR
)HHGEDFNORRSLGHQWLILFDWLRQ
7KH&/'VIURPERWKZRUNVKRSJURXSVZHUHLPSRUWHGLQWR,QVLJKW0DNHU
)RUWPDQQ5RHDQGWKHµLGHQWLI\ORRSV¶IXQFWLRQZDVXVHGWRJHQHUDWHD
UHSRUWRIDOOIHHGEDFNORRSVLQWKHGLDJUDPV
5HVXOWV
0RGHOOHYHO61$UHVXOWV
7KH*URXS&/'FRPSULVHGYDULDEOHVDQGFRQQHFWLRQVZKLOHWKH
*URXS&/'FRPSULVHGYDULDEOHVDQGFRQQHFWLRQV$YHUDJHGHJUHHZDV
FRQQHFWLRQVSHUYDULDEOHLQWKH*URXS&/'DQGFRQQHFWLRQVSHUYDULDEOH
LQWKH*URXS&/''HQVLW\ZKLFKZDVSURSRUWLRQDOWRWKHQXPEHURIYDULDEOHV
DQGFRQQHFWLRQVZDVDOVRVLPLODUDWPHDQLQJWKDWRIDOOSRVVLEOHFDXVDO
FRQQHFWLRQVZHUHSUHVHQWLQWKH&/'IRU*URXSDQGIRU*URXS
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9DULDEOHOHYHO61$UHVXOWV
,QWKH*URXS&/'RXWGHJUHHVFRUHVUDQJHGIURPWR7KUHH
YDULDEOHVµ+HDOWK\SHHUFXOWXUHVRFLDOLQIOXHQFH¶µ6FUHHQWLPH¶DQGµ3XEHUW\¶
KDGWKHPD[LPXPRXWGHJUHHPHDQLQJWKDWWKHVHYDULDEOHVKDGHDFKEHHQ
VSHFLILHGE\SDUWLFLSDQWVDVFDXVDOO\DIIHFWLQJILYHRWKHUYDULDEOHV2WKHUKLJKRXW
GHJUHHYDULDEOHVLQFOXGHGµ7HFKQRORJ\XVH¶RXWGHJUHH DQGµ.QRZOHGJHDQG
HGXFDWLRQ¶RXWGHJUHH 
,Q*URXSEHWZHHQQHVVVFRUHVUDQJHGIURPWRZLWKµ+HDOWK\
SHHUFXOWXUHVRFLDOLQIOXHQFH¶VFRULQJKLJKHVWRQWKHVFDOHEHWZHHQQHVV 
PHDQLQJWKDWWKLVYDULDEOHIHDWXUHGRQPDQ\RIWKHFDXVDOSDWKZD\VWKDWFRQQHFWHG
RWKHUYDULDEOHSDLUVDQGKDGDUROHLQFRQQHFWLQJSRWHQWLDOWKHPHVRUFOXVWHUVLQ
WKH&/'2WKHUKLJKEHWZHHQQHVVFHQWUDOLW\YDULDEOHVLQFOXGHGµ([SRVXUHWR
DGYHUWLVLQJPDUNHWLQJRIXQKHDOWK\IRRGV¶EHWZHHQQHVV DQG
µ7HFKQRORJ\XVH¶EHWZHHQQHVV 
7KHKLJKHVWUDQNHGYDULDEOHVE\QRUPDOLVHGRXWGHJUHHDQG
EHWZHHQQHVVIURPWKH*URXS&/'DUHVKRZQLQILJXUHµ+HDOWK\SHHU
FXOWXUHVRFLDOLQIOXHQFH¶UDQNHGKLJKHVWRQERWKPHDVXUHVLQGLFDWLQJLPSRUWDQW
GLUHFWHIIHFWVRQRWKHUPRGHOYDULDEOHVDQGPHGLDWLQJSRVLWLRQZLWKLQWKHPRGHO
1RWDEO\µ3XEHUW\¶DQGµ7LPHSUHVVXUHIRUIDPLOLHV¶UDQNHGKLJKO\RQRXWGHJUHH
EXWKDG]HUREHWZHHQQHVVLQGLFDWLQJWKDWWKHVHYDULDEOHVZHUHLPSRUWDQWFDXVHVLQ
WKHPRGHOEXWZHUHQRWFDXVDOO\DIIHFWHGE\RWKHUPRGHOYDULDEOHVµ([SRVXUHWR
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DGYHUWLVLQJ¶KDGORZHURXWGHJUHHEXWZDVWKHVHFRQGKLJKHVWUDQNHGPHGLDWRU
YDULDEOH
,Q*URXSRXWGHJUHHVFRUHVUDQJHGIURPWR7KHYDULDEOH
µ7HFKQRORJ\XVH¶KDGWKHKLJKHVWRXWGHJUHHPHDQLQJSDUWLFLSDQWVVSHFLILHGLWDV
DFDXVDOIDFWRUIRUHLJKWRWKHUYDULDEOHVLQWKH&/'2WKHUKLJKRXWGHJUHH
YDULDEOHVLQFOXGHGµ3UHVVXUHRIVWXGLHV¶RXWGHJUHH DQGµ+HDOWK\PDUNHWLQJ
PHVVDJHV¶RXWGHJUHH 
,Q*URXSEHWZHHQQHVVVFRUHVUDQJHGIURPWRZLWK
µ,QYROYHPHQWLQVSRUW¶VFRULQJKLJKHVWRQWKHVFDOHPHDQLQJWKDWWKHYDULDEOH
IHDWXUHGLQFDXVDOVFKDLQVFRQQHFWLQJPDQ\RWKHUYDULDEOHSDLUVLQWKH&/'2WKHU
KLJKEHWZHHQQHVVYDULDEOHVLQFOXGHGµ7HFKQRORJ\XVH¶EHWZHHQQHVV 
DQGµ)DPLO\HDWLQJRIIUHVKIRRG¶EHWZHHQQHVV 
7KHKLJKHVWUDQNHGYDULDEOHVE\QRUPDOLVHGRXWGHJUHHDQG
EHWZHHQQHVVFHQWUDOLW\IURPWKH*URXS&/'DUHVKRZQLQILJXUHµ7HFKQRORJ\
XVH¶VFRUHGKLJKO\RQERWKPHDVXUHVLQGLFDWLQJWKDWLWKDGVLJQLILFDQWGLUHFW
HIIHFWVRQRWKHUPRGHOYDULDEOHVZKLOHDOVREHLQJDQLPSRUWDQWPHGLDWRU
µ*RYHUQPHQWSULYDWHVHFWRUIXQGLQJ¶µ&RPPXQLW\LQYROYHPHQW¶DQGµ:KROH
FRPPXQLW\HGXFDWLRQLQSK\VLFDODFWLYLW\DQGKHDOWK\IRRGV¶HDFKUDQNHGKLJKO\
RQRXWGHJUHHEXWGLGQRWPHGLDWHDQ\FDXVDOSDWKZD\VZLWKLQWKHPRGHO
µ,QYROYHPHQWLQVSRUWV¶DQGµ)DPLO\HDWLQJRIIUHVKIRRG¶UDQNHGPRUHKLJKO\RQ
EHWZHHQQHVVWKDQRXWGHJUHHLQGLFDWLQJIHZHUGLUHFWHIIHFWVEXWDVWURQJPHGLDWRU
SRVLWLRQLQWKHPRGHO
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)HHGEDFNORRSV
:HLGHQWLILHGIHHGEDFNORRSVLQWKH*URXS&/'UDQJLQJIURPWR
YDULDEOHVLQOHQJWK([DPLQDWLRQRIWKHYDULDEOHVLQFOXGHGLQWKHIHHGEDFNORRSV
UHYHDOHGWKDWWKHPDMRULW\RIORRSVFRPSULVHGYDULDEOHVSHUWDLQLQJWRWHFKQRORJ\
XVHSHHUFXOWXUHDQGFHOHEULW\LQIOXHQFH)RUH[DPSOHDIRXUYDULDEOHIHHGEDFN
ORRSIURP*URXSH[SODLQHGWKDWWKHXVHRIUHFUHDWLRQDOWHFKQRORJ\LQFUHDVHG
WRWDOWHFKQRORJ\XVDJHWLPHZKLFKVWUHQJWKHQHGWKHLQIOXHQFHRIXQKHDOWK\
µ&HOHEULW\FXOWXUH¶RQDGROHVFHQWVDQGWKHLUSHHUV7KLVUHGXFHGWKHµ+HDOWKLQHVV¶
RISHHUFXOWXUHE\SUHRFFXS\LQJDGROHVFHQWVZLWKFHOHEULW\QHZVZKLFKUHTXLUHG
PRUHUHFUHDWLRQDOWHFKQRORJ\XVHWRFRQVXPH7KLVIHHGEDFNORRSLVVKRZQLQ
ILJXUH
7KH*URXS&/'FRQWDLQHGIHHGEDFNORRSVUDQJLQJIURPWR
YDULDEOHVLQOHQJWK([DPLQDWLRQRIYDULDEOHVLQFOXGHGLQWKHIHHGEDFNORRSV
UHYHDOHGDEURDGUDQJHRIYDULDEOHVZLWKDJUHDWHUSURSRUWLRQRIPRGHOYDULDEOHV
UHSUHVHQWHGLQDWOHDVWRQHORRS$QH[DPSOHRIDIRXUYDULDEOHIHHGEDFNORRS
IURP*URXSVKRZHGWKDWDGROHVFHQWV¶VNLOOVDQGNQRZOHGJHUHJDUGLQJKHDOWK\
IRRGLQFUHDVHGWKHLUDELOLW\WRVXFFHVVIXOO\EXGJHWIRUKHDOWK\IRRGRSWLRQVZKLFK
LPSURYHGWKHDIIRUGDELOLW\RIKHDOWK\IRRGV7KLVOHGWRFRQVXPSWLRQRIIUHVK
IRRGVLQWKHIDPLO\VHWWLQJZKLFKLQWXUQUHLQIRUFHGDGROHVFHQWV¶IRRGDQG
FRRNLQJNQRZOHGJHDQGVNLOOV7KLVIHHGEDFNORRSLVVKRZQLQILJXUH
0RGHOFRQWUDVWV
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*URXSLQFOXGHGDFOXVWHURIYDULDEOHVUHIOHFWLQJWKHLQIOXHQFHRISXEHUW\
FHOHEULW\LQIOXHQFHERG\LPDJHEXOO\LQJDQGPHQWDOKHDOWK*URXSSDUWLFLSDQWV
VXJJHVWHGWKDWDGROHVFHQWVZLWKORZVHOIHVWHHPDWOHDVWSDUWLDOO\GULYHQE\
SXEHUWDOGHYHORSPHQWDQGFHOHEULW\LQIOXHQFHVZRXOGEHPXFKOHVVPRWLYDWHGWR
H[HUFLVHGXHWRQHJDWLYHIHHOLQJVDERXWWKHLUERGLHVRUGXHWRGHVLUHVWRDYRLG
EXOO\LQJ5HYLHZRIWKHVHVVLRQQRWHVFRQILUPHGWKDWWKHVHFRQFHSWVZHUHQRW
GLVFXVVHGE\*URXS
7KH*URXS&/'LQFOXGHGYDULDEOHVGHVFULELQJVWXGHQWV¶NQRZOHGJHRI
SK\VLFDODFWLYLW\JXLGHOLQHVDQGVWUHVVDQGLQMXU\3DUWLFLSDQWVVXJJHVWHGWKDW
DGROHVFHQWVZLWKEHWWHUFRPSUHKHQVLRQRIWKHSK\VLFDODFWLYLW\JXLGHOLQHVPD\
GHGLFDWHPRUHWLPHWRVSRUWVDQGWKDWSK\VLFDOLQMXULHVRUPHQWDOGLVWUHVV
GHFUHDVHGDGROHVFHQWV¶DELOLW\WRHQJDJHLQSK\VLFDODFWLYLW\5HYLHZRIWKH
VHVVLRQQRWHVDJDLQFRQILUPHGWKDWWKHVHFRQFHSWVZHUHQRWUDLVHGE\*URXS
'LVFXVVLRQ
7KHWZRZRUNVKRSJURXSVFUHDWHGGLDJUDPVZLWKVLPLODUQXPEHUVRI
YDULDEOHVDQGFDXVDOFRQQHFWLRQVDQGVLPLODURYHUDOOQHWZRUNGHQVLW\VXJJHVWLQJ
WKDWWKHJURXSVSHUFHLYHGWKHGHWHUPLQDQWVRIDGROHVFHQWSK\VLFDODFWLYLW\DQGGLHW
EHKDYLRXUVWREHKLJKO\LQWHUFRQQHFWHG)XUWKHUDJUHHPHQWZDVREVHUYHGDIWHU
UDQNLQJLQIOXHQWLDOYDULDEOHVTXDQWLILHGZLWKLQWKH61$$JURXSRIVRFLRFXOWXUDO
YDULDEOHVFRQFHUQLQJDGROHVFHQWV¶WHFKQRORJ\XVHSHHUFXOWXUDOLQIOXHQFHVIDPLO\
IRRGHQYLURQPHQWVDQGPHGLDPDUNHWLQJPHVVDJHVIHDWXUHGDPRQJWKHLQIOXHQWLDO
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YDULDEOHVIURPERWK&/'V7KHVHYDULDEOHVDOVRDSSHDUHGLQIHHGEDFNORRSVVHH
ILJXUHV	IXUWKHUVXSSRUWLQJWKHLULQIOXHQFHLQWKH&/'V0HDGRZV
7KHVHUHVXOWVVXSSRUWWKHDUJXPHQWWKDWJURXSVVKDUHGSHUFHSWLRQVWKDWWKH
DGROHVFHQWSK\VLFDODFWLYLW\DQGGLHWEHKDYLRXUV\VWHPLQWKHLUFRPPXQLW\ZDV
KHDYLO\LQIOXHQFHGE\VRFLRFXOWXUDOIDFWRUV
:KLOHWKHUHZDVVWURQJHYLGHQFHRIDJUHHPHQWGLIIHUHQFHVZHUHREVHUYHG
LQWKHQXPEHUDQGIUHTXHQF\RIIHHGEDFNORRSVLQWKH&/'V2WKHUVWXGLHVKDYH
UHSRUWHGDVLPLODUO\ZLGHUDQJHRIIHHGEDFNORRSIUHTXHQF\LQ&/'VIURPWKH
¶V:LWWHQERUQHWDOLQWRWKH¶V)RUUHVWHU+LJKQXPEHUVRI
IHHGEDFNORRSVPD\KRZHYHULQGLFDWHWKHSUHVHQFHRI³GHSHQGHQW´IHHGEDFN
ORRSVZLWKLQDQ6'PRGHO.DPSPDQQ'HSHQGDQWORRSVDUHIHHGEDFN
ORRSVWKDWDUHVLPLODUWRHDFKRWKHULQWHUPVRIWKHYDULDEOHVWKDWFRPSULVHWKHP
DQGWKHVXEVHTXHQWHIIHFWVWKDWWKH\KDYHRQWKHEHKDYLRXURIWKHV\VWHP:KHUH
GHSHQGDQWORRSVH[LVWZLWKLQD&/'VHYHUDOIHHGEDFNORRSVZKLFKDSSHDUWREH
RWKHUZLVHGLVFUHWHPD\DFWXDOO\EHUHGXQGDQWUHSUHVHQWDWLRQVRIWKHVDPHµUHDO
ZRUOG¶ORRS±UHURXWHGPXOWLSOHWLPHVWKURXJKFRQFHSWXDOO\VLPLODUYDULDEOHV
7KLVPD\EHDQH[SODQDWLRQIRUWKHODUJHQXPEHURIORRSVLQWKH*URXS&/'DV
DQXPEHURIWKHORRSVZHUHLGHQWLFDODSDUWIURPRQHRUWZRYDULDEOHV
*URXSLQFOXGHGDXQLTXHFOXVWHURIYDULDEOHVUHODWHGWR
SXEHUWDOSV\FKRVRFLDOGHYHORSPHQWEXOO\LQJDQGVHOIHVWHHP*URXSLQFOXGHG
YDULDEOHVSHUWDLQLQJWRNQRZOHGJHRIUHFRPPHQGHGSK\VLFDODFWLYLW\EHKDYLRXUV
DQGWKHUROHRILQMXU\DQGPHQWDOGLVWUHVVDVEDUULHUVWRSK\VLFDODFWLYLW\
SDUWLFLSDWLRQ7KHVHFRQFHSWVDURVHIURPSDUWLFLSDQWV¶UHIOHFWLRQVRQSDUDOOHOV
http://mc.manuscriptcentral.com/srbs
Systems Research and Behavioral Science 1
For Peer Review
EHWZHHQSHUVRQDOH[SHULHQFHVDQGWKHFRQWHQWRIWKH&/'V7KLVZDVDQH[DPSOH
RISDUWLFLSDQWV¶PHQWDOPRGHOVLQIOXHQFLQJWKHGLDJUDPV&/'VSURGXFHGE\
JURXSSURFHVVHVDUHLQWHUSUHWHGDVDDJJUHJDWLRQRISDUWLFLSDQWV¶PHQWDOPRGHOV
.LPZKLFKDUHLQWHUQDOO\KHOGLQFRPSOHWHUHSUHVHQWDWLRQVRIV\VWHPVWKDW
DUHLQIOXHQFHGE\VRFLDODQGFRQWH[WVSHFLILFH[SHULHQFHV'R\OHDQG)RUG
$OWKRXJKWKH&/'VLQGLFDWHGDJUHHPHQWUHJDUGLQJRYHUDOOVWUXFWXUHDQGLPSRUWDQW
YDULDEOHVLQGLYLGXDOV¶OLYHGH[SHULHQFHVOHGWRVRPHGLIIHUHQFHVLQWKH&/'V
EHWZHHQWKHWZRJURXSV
7KHDSSDUHQWVKDUHGSHUFHSWLRQVUHJDUGLQJWKHLPSRUWDQFHRIVRFLR
FXOWXUDOGULYHUVRISK\VLFDODFWLYLW\DQGGLHWEHWZHHQWKHWZRJURXSVKLJKOLJKWVWKH
SRWHQWLDOIRUWKLVDSSURDFKWRFRPPXQLW\OHG6'PRGHOOLQJWRLQIRUPLQWHUYHQWLRQ
GHVLJQ7KH&/'VSURGXFHGE\WKHWZRJURXSVDUHFRQVLVWHQWZLWKSUHYLRXV
HYDOXDWLRQVWXGLHVWKDWKDYHGHVFULEHGVRFLRFXOWXUDOLQIOXHQFHVDVKDYLQJD
µSHUYDVLYH¶HIIHFWRQSK\VLFDODFWLYLW\DQGGLHWEHKDYLRXUV0F&DEHHWDO
6RFLRFXOWXUDOLQIOXHQFHVKDYHEHHQKLVWRULFDOO\GLIILFXOWWRRYHUFRPHLQWKH
LQWHUYHQWLRQVHWWLQJDQGDUHFRQVLGHUHGFULWLFDOEDUULHUVWRLQWHUYHQWLRQVXFFHVV
:DWVRQHWDO%UHQQDQHWDO*RKHWDO7KHJURXSVLQWKLV
VWXG\ERWKLGHQWLILHGWKHLPSRUWDQFHRIWKHVHIDFWRUVDQGZHUHDEOHWRORFDWHWKHP
ZLWKLQDEURDGHUFRPSOH[V\VWHPRIOLIHVW\OHGHWHUPLQDQWVZKLOHSUHYLRXVOLQHDU
DSSURDFKHVKDYHIDLOHGWRGRVR$WXQ0DEU\HWDO7KLVDSSURDFK
SURYLGHVSURPLVHWRZDUGVLGHQWLI\LQJORJLFPRGHOVIRULQWHUYHQWLRQVVXEMHFWWR
VRFLRFXOWXUDOGULYHUVSULRUWRLQWHUYHQWLRQ
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7KHXVHRI*0%VFULSWVLQWKHGHVLJQRIWKLVVWXG\HQJHQGHUHGJUHDWHU
FRQVLVWHQF\EHWZHHQVHVVLRQVDQGOHYHUDJHGWKHFROODERUDWLYHGHYHORSPHQWRI
*0%E\PDQ\JURXSVRYHUWLPH+RYPDQGHWDO7KHLQFOXVLRQRI
DGROHVFHQWVZLWKLQWKHVDPSOHRYHUFRPHVOLPLWDWLRQVRISUHYLRXVVWXGLHVZKLFK
KDYHDLPHGWRLQYHVWLJDWHDGROHVFHQWKHDOWKLVVXHVEXWKDYHQRWUHFUXLWHG
DGROHVFHQWSDUWLFLSDQWV7KHXVHRIDFRPPXQLW\EDVHGµERWWRPXS¶DSSURDFKDOVR
RYHUFRPHVWKHOLPLWDWLRQVRISUHYLRXV³WRSGRZQ´6'PRGHOVRIDGROHVFHQW
KHDOWKZKLFKKDYHGHILQHGPRGHOVEDVHGRQH[SHUWSHUVSHFWLYHDQGOLWHUDWXUH
7KHVHµWRSGRZQ¶PRGHOVKDYHSUHYLRXVO\RYHUORRNHGPDQ\RIWKHVRFLRFXOWXUDO
IDFWRUVREVHUYHGLQWKLVVWXG\%XWODQGHWDO$ELGLQHWDO
7KLVVWXG\LVOLPLWHGLQWKHUHSUHVHQWDWLYHQHVVRIWKHLQFOXGHGSDUWLFLSDQW
VDPSOH6HYHUDOPLQRULW\JURXSVIRUZKRPSK\VLFDODFWLYLW\DQGGLHWEHKDYLRXUV
GHWHUPLQDQWVDUHNQRZQWRGLIIHUIURPWKHJHQHUDOSRSXODWLRQLH$ERULJLQDORU
7RUUHV6WUDLW,VODQGHUV5LFFLDUGHOOLHWDO6WURQDFKHWDORUWKH
/HVELDQ*D\%LVH[XDO7UDQVJHQGHUDQG,QWHUVH[FRPPXQLW\+DGODQGHWDO
0HUHLVKDQG3RWHDWZHUHQRWGLUHFWO\UHSUHVHQWHGDOWKRXJK
UHFUXLWPHQWIRUWKHODWWHUZRXOGSURYLGHGLIILFXOWGXHWRHWKLFDOOLPLWDWLRQVLQ
UHFUXLWLQJRQWKHEDVLVRIVH[XDOLW\,QOLJKWRIWKHVHOLPLWDWLRQVWKHGLDJUDPV
GHYHORSHGLQWKLVVWXG\VKRXOGQRWEHJHQHUDOLVHGWRJURXSVQRWUHSUHVHQWHGE\WKLV
VDPSOH7KHXVHRISXUSRVLYHDQGVQRZEDOOVDPSOLQJDOVROHGWRWKHUHFUXLWPHQWRI
DVRPHZKDWKRPRJHQRXVVDPSOHUHODWLYHWRWKHZLGHUFRPPXQLW\$GXOW
SDUWLFLSDQWVZHUHFRPSDUDWLYHO\ZHOOHGXFDWHGDQGKDGFRQVLGHUDEOHH[SHULHQFH
ZRUNLQJLQILHOGVUHODWHGWRDGROHVFHQWOLIHVW\OHKHDOWKZKLFKPD\KDYHELDVHGWKH
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FRQWHQWRIWKHPRGHO2QO\WKUHHSURIHVVLRQDOJURXSVZHUHUHSUHVHQWHGDQG
SHUVSHFWLYHVIURPRWKHULPSRUWDQWJURXSVZHUHQRWFDSWXUHGLHFOLQLFLDQV
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Chapter 7: Discussion
This chapter presents the main findings of the research, the strengths and 
limitations, contributions to knowledge, and implications for future research and 
practice. The section concludes by identifying unanswered questions and 
suggested future research directions.
7.1 – Main Findings
7.1.1 – Thesis RQ1 Findings:
RQ1: What are the associations and effect sizes attributable to physical 
activity time, sedentary behaviour, and diet pattern, on depressive symptomology 
outcomes in a sample of Victorian secondary school students?
Findings supported the existence of associations between physical activity, 
screen-based sedentary behaviour and diet pattern, and the likelihood of self-
reported depressive symptomology among Victorian adolescents. Among a large 
sample with a high response rate the study found that more than one in five 
adolescents reported a level of depressive symptomology, indicative of major 
depression. 
Stratification by gender showed different effects for male and female 
participants. Among male participants, attainment of the recommended moderate 
to vigorous physical activity guidelines of more than one hour per day was 
associated with a reduced likelihood of depressive symptomology. Also for male 
participants, adherence to an unhealthy diet, characterised by greater consumption 
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of takeaway foods, sweetened beverages, caffeinated beverages, and energy 
drinks, was associated with a greater likelihood of depressive symptomology. 
Among female participants, exceeding the screen-based sedentary 
behaviour recommendations of less than two hours per day was associated with an 
increased likelihood of reporting depressive symptomology. Having a higher 
BMI-for-age Z-score was also associated with increased likelihood of depressive 
symptomology in females. 
Although significant, the effect sizes of the associations for both male and 
female participants were small. The findings were broadly consistent with 
previous literature, and the few inconsistencies appeared largely attributable to 
measurement tools.
The findings affirmed that both dietary and physical activity/sedentary 
behaviours are independently associated with depressive symptomology, and do 
not represent mediating variables on a common causal pathway with a third 
variable not measured by this study. Further, these findings are based on an 
observational sample drawn from the Victorian adolescent population, for whom 
there were previously no comparable findings in the literature.
The individual effect sizes observed in the study were consistent in size 
with the large number of factors understood from the literature to increase 
depression risk, most of which contribute small effect sizes (134). This finding 
extends upon previous understanding by identifying that adolescents’ physical 
activity/sedentary behaviours, and diet patterns are independently associated with 
depressive symptomology among Victorian adolescents, and that the effect 
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strengths of these lifestyle behaviours on depressive symptomology are 
comparable in magnitude to many other generally accepted intervention targets, 
including socio-economic and community factors (135), family structure & self-
perception (134), and other modifiable risk behaviours including drug use, sexual 
behaviours, and religious practises (23).
7.1.2 – Thesis RQ2 Findings:
RQ2: What are the perceived community-level drivers, and feedback 
processes affecting adolescents’ diet and physical activity behaviours, from the 
perspective of adolescents and other community representatives in Victoria?
In answering the second research question two “sub-questions” were 
addressed. Answering RQ2 necessitated the formulation of a GMB workshop 
methodology. Given the focus of this thesis on population-level prevention, which 
requires a low-burden approach suitable for use in multiple settings or locations, a 
new process was needed that could overcome some of the barriers to 
implementation in previous approaches. The first sub-question, RQ2.1, addressed 
the design and implementation of this process. The second sub-question, RQ2.2, 
addressed the analysis of the causal diagrams produced by the GMB process, and 
directly addressed RQ2.
RQ2.1: Does the use of a rapid approach to GMB produce complex 
representations of the community-level determinants of adolescent physical 
activity and diet behaviours?
This study found that a “rapid” GMB process was effective for engaging 
community-based stakeholders in the process of creating a CLD of the drivers of 
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adolescent physical activity and diet behaviours. The process was designed to 
overcome the time burden attributable to recruitment and pre-workshop 
engagement required in “usual practise” GMB. The division of the workshop into 
a 2x90minute session structure successfully reduced these burdens. The study 
engaged a group of 30 participants, divided into two independent workshop 
groups, allowing a “repeat measures” GMB project to be undertaken.
Both groups were able to identify numerous determinants of adolescent 
physical activity and diet, and causal relationships between these determinants. 
The study found that participant groups constructed CLDs in a similar fashion, 
with comparable numbers of variables and causal connections identified at each 
workshop stage. Participants created and were able to identify feedback loops 
within their own diagrams, which was a critical indicator of the success of the 
process, given the importance of feedback loops to the system dynamics 
perspective (52).
In reflecting on their experience throughout the workshop sessions, 
participants were positive in their appraisal of the process, although this was not 
formally evaluated. One group of participants formally requested that the research 
team conduct the workshop process at their organisation on a related health issue. 
It is suggested that this is at least an indirect indication that participants found the 
problem a novel and useful way of conceptualising a complex issue, and at best a 
demonstration of the process as building participant capacity to appreciate the role 
of complexity in providing insight into health-related problems.
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RQ2.2: What similarities or differences can be observed in CLDs 
constructed by independent groups from a repeat-methods GMB workshop, 
regarding the perceived drivers of community-level adolescent diet and physical 
activity?
This RQ, following from the development of the independent CLDs 
reported in Chapter 5, employed SNA techniques to identify prominent variables 
within, as well as the structural characteristics of each CLD. Feedback loops 
within the CLDs were also identified and compared between workshop groups. In 
addition to addressing RQ2.2 these analyses also directly addressed RQ2, as the 
findings highlighted feedback loops, and individual variables of influence, 
representing potential intervention targets for adolescent physical activity and 
healthy diet promotion.
Quantified network analyses of the two CLDs allowed for comparison of 
the content and characteristics of the two diagrams. The “small-group” nature of 
GMB (optimally between 12 and 17 participants), has led some authors to argue 
that it is difficult to generalise the output of a GMB process beyond the people 
who were “in the room” for the sessions (93). This is the first study to 
quantitatively compare GMB outputs created by independent groups. 
Analysis of the two CLDs found that adolescent physical activity and 
dietary behaviour were strongly influenced by peer culture and social norms, 
technology use, individual level knowledge and education, time pressure, study 
pressures and engagement in school. Numerous feedback loops were identified in 
both CLDs, and several of the influential drivers listed above were components 
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within those feedback loops. The number of feedback loops present in each of the 
CLDs was consistent with previous System Dynamics modelling studies (136, 
137), although the number of feedback loops in one CLD greatly exceeded the 
other. Feedback loops from the CLDs described various feedback processes and 
two examples presented in Chapter 6 included the reinforcing effect of celebrity 
culture on technology use and peer culture, and the reinforcing effect of the home 
food environment on adolescents cooking and meal preparation skills.
By contrasting the results of the network analysis, this study was able to 
conduct an initial investigation of the effect of group composition on the content 
and structure of CLDs. This initial investigation represents a first step in 
addressing the concerns regarding the representativeness of GMB outputs. 
Comparison of the influential variables within each model, as well as the 
structural characteristics of the two CLDs, found generally good agreement 
between the two workshop groups. Both groups created models with similar 
overall structural characteristics, and some overlap was observed in the list of diet 
and physical activity determinants ranked most influential by the network 
analyses. Alongside the observed agreement in the models, subtle differences 
were detected, reinforcing the need for a broad sampling approach, with 
representation from a range of community settings.
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7.2 – Strengths & Limitations
7.2.1 – Study Strengths
The data which were collected and analysed under RQ1 are of a high 
quality. The study employed an opt-out consent process, which was the first of its 
kind for a population-level observational study in Victoria. The use of opt-out 
consent produced a very high response rate (88%) that minimised the risk of 
response bias. Standardised tools were used in the measurement of survey data, 
and anthropometry data were directly measured by trained data collectors. Taken 
in combination, the tools which were used in the collection of data were of a high 
quality, and the high response rate indicates that the study sample is representative 
of the invited population of year 8 and 10 students in the participating schools. 
The methodologies which were employed for RQ2 come from established 
practices in engineering and business that are finding new applications in the 
population health sphere. The GMB scripts which were used to design the 
workshop approach presented in this thesis represent the codification of a long 
tradition of largely undocumented research experience by experts in GMB. Scripts 
are based on best-practise recommendations and are highly structured, providing 
workshop frameworks which are repeatable, methodologically rigorous, and 
transparent.
7.2.2 – Study Limitations
Although the tools used in the analysis of RQ1 were all standardised 
measures, they are less accurate than direct and objective measures for behaviours 
such as physical activity and diet composition. Direct measurements such as 
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accelerometry for physical activity/sedentary behaviour measurement, and food 
diaries for diet pattern measurement avoid the need to rely on participants’ 
potentially incorrect recollections. Such measures have been shown to more 
accurately capture actual behaviour in the case of physical activity/sedentary 
behaviour (138), although the evidence is less conclusive for food diaries as 
compared to food frequency questionnaires (139, 140). More objective measures 
here would have minimised the risk of various biases, including recall and social 
desirability bias, although to engage with more direct measurements would have 
significantly increased the cost and resource burden of the study, and greatly 
reduced the number of participants able to be recruited into the study. 
The CLDs developed under RQ2 are limited in that they are qualitative 
models, and represent only the perceptions of the determinants of adolescent 
lifestyle behaviours, from the perspective of the participants. The models should 
not be interpreted as representing the “true” system of adolescent lifestyle causes. 
As introduced in Chapter 2, Doyle and Ford argue that participant-informed CLDs 
represent the participants’ internally held representations of the perceived 
structure of external systems (80). In this context, Doyle and Fords definition 
could be applied to view the CLDs as an aggregate representation of the 
knowledge or beliefs of the study participants regarding what drives adolescent 
lifestyle behaviours in their community. 
The group of stakeholders that created the model also lacked explicit 
representation from a number of population groups, including economically 
disadvantaged populations, LGBTI students or Indigenous Australian students. 
The student and Local Government participants were also primarily female. In 
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light of the Doyle and Ford definition – it is reasonable to assume that these 
different groups may have different knowledge and beliefs regarding the causes of 
adolescent lifestyle behaviour - and so the CLDs should be interpreted with 
caution when considering generalisability, or the application of its findings to 
more diverse adolescent populations. 
The study in Chapter 6 went some way towards addressing the concerns 
regarding the “representativeness” of the CLD of broader community perceptions, 
however this finding should be considered preliminary. The two participant 
groups whose models were compared in this study were reasonably homogenous, 
being of a similar gender breakdown, similar educational levels, and representing 
organisations from areas of above-average socio-economic advantage. That the 
diagrams were found to align in various ways rejects the argument that GMB 
outputs are so variable that vastly different results are likely, even among similar 
participant groups. The findings cannot, however, reject the argument that any 
study sample from the same target population will produce different CLDs – this 
requires further investigation.
7.3 – Contribution to Knowledge
This thesis aimed to understand the associations between the adolescent 
lifestyle risk behaviours (physical activity, sedentary behaviour and diet pattern) 
and depressive symptomology within the Victorian adolescent population, and to 
test whether a participatory approach could be used to generate insight into the 
complex determinants of those behaviours in a community setting. The thesis 
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presents these insights as potential intervention points, and proposes the GMB 
approach as one which would be appropriate for the generation of comparable 
insights in other problem domains where community-led population-level 
prevention is required.
This thesis contributes to knowledge in several domains:
1) New epidemiological evidence on the associations between lifestyle 
risk factors and adolescent depression in the Victorian population, and 
the effect strength of these associations relative to other lifestyle-based 
intervention targets. 
2) The formulation of a novel methodological approach to understanding 
the causes of complex lifestyle behaviours. 
3) The presentation of specific, novel insights regarding the complex 
causes of adolescent lifestyle health in a community in Victoria. 
These contributions are outlined in detail in the following paragraphs.
Chapter 4 of this thesis presents the first study to demonstrate an 
association between adolescents’ lifestyle risk behaviours, and depressive 
symptomology outcomes in a sample of Victorian adolescents. This finding 
addressed a critical gap in knowledge describing the health status of Victorian 
adolescents. Further, this was the first study in the Australian context to use an 
opt-out consent process to examine associations between lifestyle behaviours, and 
mental health outcome, which contributes robust epidemiological findings to the 
literature, both in the reported associations, and the observed prevalence of health 
behaviours and depressive symptomology outcomes. The successful 
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implementation of an opt-out consent process in a population-level study within 
Victoria also strengthens the case for the feasibility and safety of large-scale “data
monitoring” programs in Victoria, which are critical for strengthening population-
level prevention strategies (141).
Chapter 5 demonstrates a low-burden method for conceptualising the 
causes of complex health problems prior to intervention. The process was applied 
to the adolescent lifestyle risk behaviours investigated in Chapter 4. The results of 
this study contributes the first example in the Australian literature of how the 
complex determinants of adolescent physical activity and nutrition behaviours 
may be conceptualised based on the perspectives of a community stakeholder 
group which includes the target population of adolescents.
Additionally, Chapter 6 presents insights from the GMB workshops, 
demonstrating the feedback loops and influential system-level variables that 
represent potential intervention points in the CLDs of adolescent diet and physical 
activity behaviour causes. In identifying these features, the outputs of the GMB 
workshops represent an initial resource that could be further refined and 
developed by the community into a suite of options for community-based lifestyle 
health promotion. The final contribution of the thesis is therefore the initial step in 
a roadmap towards the development of a community-led lifestyle-health 
intervention, which is grounded in complexity and System Dynamics theory, and 
which is scalable to multiple other settings.
This represents the overall significance of this thesis. The GMB approach 
outlined in this thesis provides a method for conceptualising the dynamic 
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complexity of adolescents’ modifiable lifestyle risk factors. The approach builds a 
shared representation of this complexity, based on the contributions of 
community-based participants, using an established methodology which is 
believed to build participants’ capacity to appreciate and respond to complexity 
(62). The design is also purposefully designed to be scalable and easily 
implemented in multiple communities and settings at a lower burden, to both 
facilitator and participant, than previously approaches reported in the GMB 
literature.
In the longer term – this approach is a key step towards the development 
of dynamic simulation models, which can be constructed where sufficient, high 
quality evidence exists to inform and validate the simulation (50). This thesis has 
also demonstrated the feasibility of a large, high response rate data collection 
program, which took place across a number of Victorian communities. Such data 
collection programmes could be leveraged in future research to collect the data 
required to move CLDs such as the ones developed in the HAL Maps workshops 
from qualitative diagrams into quantified simulation models. This would afford 
the opportunity for “in-silico” development and testing of lifestyle-targeted 
intervention strategies for specific communities.
7.4 – Study Implications
The findings of the research presented in this thesis have several 
implications for policy and practice. The finding that adolescent physical 
activity/sedentary behaviour and diet are associated with depressive 
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symptomology strengthens the case for these behaviours to be considered as 
lifestyle-related targets for the prevention of depressive symptoms at a population 
level. The finding that more than one in five of the Victorian adolescents surveyed 
in this research report levels of depressive symptomology demonstrates the scope 
and importance of this issue. Despite the apparently small effect of physical 
activity, sedentary behaviour and diet on depressive symptomology, most factors 
which are accepted as legitimate intervention targets for depression treatment are 
similarly effectual (134), and even small changes in disease risk across entire 
populations has the potential to create significant offset of disease cost and 
morbidity at the population level (142). The population-level prevention of 
depressive symptomology among adolescents, using lifestyle-based behaviour 
modification targets should therefore be considered a policy priority – especially 
considering the current lack of prevention activity for mental disorders when 
compared to more “visible” disease outcomes such as obesity (38).
Considering the community-level drivers of adolescent physical activity 
and diet behaviours, the GMB workshops identified a number of complex causes 
of adolescent physical activity and diet behaviours, as perceived by a group of 
Victorian community-based stakeholders. Alongside established intervention 
points such as the costs and availability of healthy foods and screen time, these 
included non-traditional points of intervention like popularity of cooking subjects, 
enrolment numbers in schools, and exposure to current affairs and news 
programmes. 
The outcomes of the GMB workshops may guide future research into the 
complex drivers of adolescent health in this community, as the study identified a 
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group of socio-cultural factors that were particularly important in perpetuating 
adolescent lifestyle behaviours. Further, the GMB workshops demonstrated a 
process for conceptualising the complex determinants of lifestyle-related health, 
which is appropriate for use in community settings, and should be extended to 
other communities. 
The CLDs produced by the GMB workshop process also provide a clear 
demonstration of the value of seeking a complex perspective on the causes of 
health-related issues. Following the publication of the Foresight obesity model the 
observation was made that, due to the highly interconnected system of obesity 
determinants, interventions were never well placed to modify health behaviours as 
they did not account for these complex interdependencies in their intervention 
design (96, 97). This point is driven home once more by variables which 
participants specified in the CLDs reported in this thesis that in some cases were 
reinforced by feedback loops, and subject to eight or more interconnected causal 
inputs.
The workshops also have implications for the methodological GMB 
literature. The process demonstrated in this thesis took a rapid approach to the 
development of qualitative community-led CLDs. This represents a trade-off of 
the more traditional and intensive participant engagement process against a 
reduction in barriers to participation for community members. In the context of 
community-based work with complex health issues, it may be the case that the 
relative loss of deep engagement with community stakeholders may be countered 
by the ability to more quickly establish a rapid GMB process, and engage a 
number of community stakeholders at a lower burden to both participant and 
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researcher. Additionally, the rapid process enables a faster overall progression 
from initial engagement to the creation of CLD outputs.
7.5 – Unanswered questions and future research directions
The study under RQ1 observed associations between the lifestyle risk 
factors, physical activity/sedentary behaviour and diet, and depressive 
symptomology. While this study contributed new insights into the drivers of 
mental wellbeing in the Victorian adolescent population, these findings are not 
adequate to infer causality. Indeed, the broader literature on lifestyle associations 
with depression and depressive symptoms is currently insufficient to infer 
causality (143, 144), although some evidence exists that suggests that it is likely 
(37). Future research should observe adolescents’ physical activity/sedentary and 
diet behaviours, and depressive outcomes longitudinally in order to shed further 
light on this question.
The GMB study under RQ2 reported community perspectives on the 
causes of physical activity and dietary behaviours among adolescents. While this 
research demonstrated important causal drivers of these behaviours, and identified 
various feedback loops which may be perpetuating the problem of poor lifestyle in 
adolescence, future work is required to guide action planning. Currently, the 
literature around GMB scripts provides a structured and rigorous approach to 
guiding a group of participants from a position of uncoordinated, individual 
mental models, to a shared conceptualisation of a complex system. However, 
there is no comparable process to guide participants through the identification and 
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prioritisation of actionable plans on the basis of the System Dynamics model they 
created (with the exception of simulation model development, which has a high 
barrier to entry for reasons identified above). Future research could leverage the 
“script” framework to extend the GMB process past model development and into 
an “action planning” phase. Incorporating formal evaluations of community 
capacity into this process would also clarify the role of GMB and action planning 
in strengthening community capacity, and contribute to the GMB evaluation 
literature, which is still in its infancy (62).
On the question of the validity of GMB outputs, the findings from this 
study suggest that comparable groups located within the same setting share some 
perceptions around the complex drivers of adolescent lifestyle. More work is 
required, however, to compare these perceptions among larger, and more diverse 
population groups. To this end, development of the GMB process might explore 
how the process can be modified to include more stakeholders than the “5-17” 
guideline (51) which has been followed in this research. Similarly, because the 
GMB is typically a “face-to-face” process, it will be difficult to implement for 
health problems that affect geographically isolated or dispersed groups or 
individuals, or individuals who have difficulty travelling to attend workshops. 
Modifications to the GMB process that facilitate greater accessibility for these 
individuals should be explored – particularly approaches which allow for remote 
or computer-assisted participation in GMB.
At a broad level, this thesis recommends that the quantitative data 
collection program and GMB process, having been demonstrated in this research, 
be expanded to support a multi-setting, community-led prevention project. The 
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GMB process described in this research could be implemented across a number of 
community settings to identify targets for adolescent lifestyle-based behaviour 
modification, and communities could be supported to translate GMB insights into 
action plans for community-led intervention efforts. Opt-out data monitoring 
within those communities could run parallel to the complex, community-based 
intervention to gather high quality, representative data on changes in health 
behaviours and outcomes as a result of prevention activity. Revision and iteration 
of the community-led System Dynamics models over time could also provide 
process evaluation, tracking changes in the adolescent lifestyle health system over 
time, and the changes in system structure which are contemporaneous with 
prevention activity. Identification of influential variables and feedback loops 
within the System Dynamics models would also provide guidance on what data to 
collect through the data monitoring programme in order to enable the 
development of the qualitative community-led CLDs into fully quantified 
simulation models. Over the longer term, the creation of a simulation model 
would enable the development and testing of more sophisticated prevention 
strategies.
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Chapter 8: Conclusion
This thesis has presented new evidence for gender-specific associations 
between physical activity, screen-based sedentary behaviour and diet pattern, and 
the likelihood of self-reported depressive symptomology among Victorian 
adolescents. The thesis also presents the first example of a rapid group model 
building study, tailored for engagement with community-based stakeholders in 
multiple settings, which found that adolescent physical activity and dietary 
behaviour were strongly influenced by peer culture and social norms, technology 
use, individual level knowledge and education, time pressure, study pressures and 
engagement in school.
These findings represent new epidemiological evidence regarding lifestyle 
behaviours and their associations with mental health among the Victorian 
adolescent population, as well as a novel, complex conceptualisation of the causes 
of adolescent lifestyle behaviours in the community setting. This research has 
affirmed the important role of lifestyle in the future prevention of depression 
symptoms in adolescence, and demonstrated a process that engages communities 
in generating insights into the complex drivers of lifestyle behaviour. Further, the 
process used in this thesis aligns with current best practise for population-level, 
lifestyle-based prevention, and can be used to identify community-specific 
intervention targets.
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A Community-based Complex Systems
Approach to High School Completion
Matt Kasman1*, Brynle Owen2 and Joshua Hayward2
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2Deakin University, Geelong, VA, Australia
High school completion, like many educational phenomena, is the result of processes that,
when taken together, constitute a complex system. In this paper, we describe the innovative
use of group model building (GMB) as an entry point for complex systems analysis of educa-
tional processes that collectively determine high school completion. GMB exercises were
conducted in a community in the state of Victoria in Australia. GMB brought together stake-
holders from around the community and encouraged them to view high school completion
from a complex systems perspective. Not only were participants able to use their experience
to create an action plan to increase high school graduation rates but they also provided
researchers with valuable information that can be used as input into rigorous, quantitative
models of high school completion. Copyright © 2016 John Wiley & Sons, Ltd.
Keywords complex systems; education; high school completion; group model building
INTRODUCTION
Education is a highly complex landscape, situated
at the intersection of a number of interests, institu-
tions and cultural inﬂuences. Education is typically
classiﬁed as a ‘mixed good’, with both public and
private aspects. Students and their families have
an interest in pursuing educational attainment in
order to reap the many beneﬁts associated with it,
which prominently include advantages in the la-
bour market. Similarly, governments, communities
and businesses are all strongly affected by the
amount and form of education that individuals
with whom they interact receive.
In many places, the completion of high school
has historically been an important milestone
from the standpoint of individuals, institutions
and society. It represents the transition from soci-
etal to individual control and responsibility. Prior
to the completion of high school, governmental
agencies primarily determine the form that edu-
cation will take, from facilities to personnel to
curricula. Access to this education is universal
and is paid for with public funds. After the com-
pletion of high school, control and responsibility
devolves to individuals, who can select from a
large array of options including no further educa-
tion; vocational education; and undergraduate,
professional and graduate degrees in a large
*Correspondence to: Matt Kasman, Brookings Institution, Washington,
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number of ﬁelds, available at a variety of differ-
ent types of postsecondary institutions. Individ-
uals are primarily responsible for procuring
education beyond high school completion. As a
result of the important liminal status of high
school completion, it is expected to serve multi-
ple purposes. A high school degree indicates that
a government has discharged its obligation to
provide a ‘sound basic education (Duncombe
et al., 2004)’. It also is intended to serve as a signal
of an individual’s readiness to competently serve
in the military, participate in the labour market or
continue into postsecondary education and is
used as a prerequisite (to a greater or lesser ex-
tent) for each of these.
There are thus not only a number of different
stakeholders invested in determining how many
students and who completes high school but those
who also have different priorities when they
exert their inﬂuence to affect what graduation
from high school entails (Labaree, 1997). At any
point in time, overall distributions of high school
completion represent a delicate and dynamic
balance of interests. Interventions that are
intended to have a speciﬁc effect on high school
completion are likely to alter this balance in ways
that generate resistance or adaptation that
thwarts the intended effect. However, ap-
proaching high school completion from a com-
plex systems perspective offers the potential to
obtain powerful insights about why interven-
tions have the overall effects that they do and
can help guide the selection of interventions
and policies that are most likely to be successful
at accomplishing speciﬁc objectives.
In this paper, we describe the innovative use of
group model building (GMB) as an entry point
for complex systems analysis of educational pro-
cesses that collectively determine high school com-
pletion. This approach serves a dual purpose.
Although it is a potentially powerful research tool,
it also serves as an intervention on its own. GMB
brings together stakeholders from across a com-
munity to engage in activities that foster examina-
tion of a problem from a complex systems
perspective. Thus, not only do the participants
gain insight into the system of interest and can for-
mulate action plans that are aligned with this un-
derstanding but researchers can also learn about
the elements and relationships in a system directly
from those who have the most experience with it.
BACKGROUND
In a policy setting, complexity refers to situations
in which responses to policy change or interven-
tions may not be uniform or intuitive, owing in
part to heterogeneity, interconnectedness, feed-
back effects or adaptation. In such situations,
approaches from complex systems science can
help to build intuition about why particular mixes
of policies have observed effects and how to select
alternative mixes of policies to obtain different
outcomes (Maroulis et al., 2010; Bruch & Atwell,
2015; Hammond, 2015). High school completion,
like many educational outcomes, is the result of
processes that manifest each of the properties
mentioned previously. Changes in policies can
have disparate impacts on graduation rates
across students based on a number of observable
attributes including racial or ethnic group, socio-
economic status, educational aptitude or achieve-
ment and geographic location (Rumberger, 1987).
High school completion can be expected to dis-
play interconnectedness in multiple ways. Per-
haps most importantly, students are socially
situated; one student’s decision to complete high
school despite challenges or to leave school can
have a substantial effect on subsequent decisions
made by his or her peers. There can be important
feedback effects. For example, effectively increas-
ing graduation rates by a substantial amount
might create either social (e.g. through changing
norms) or economic (e.g. through labour market
disadvantages for those without high school
degrees) incentives that encourage further
increases. Finally, individuals and institutions
with an interest in high school completion can
adapt over time in response to changes in the ed-
ucational environment. For example, if require-
ments for graduation are substantially loosened,
businesses or colleges might begin utilizing addi-
tional certiﬁcations to supplement a high school
degree when assessing candidates.
In order to conduct meaningful analyses of a
complex system, it is ﬁrst necessary to under-
stand the structure of the system and how it can
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best be characterized in an analytic framework.
In order to do this, we must identify the educa-
tional environment where we are interested in
exploring high school completion; determine
who the relevant actors, institutions and stake-
holders are; and explore how these elements
interact with one another. There are many differ-
ent ways to approach this task. It can be carried
out with empirical evidence, theory or consulta-
tion with experts in the ﬁeld or practitioners
(Hammond, 2015). In addition, GMB represents
a powerful tool that can be used to understand
a complex system, either on its own or in con-
junction with other sources.
METHOD: GROUP MODEL BUILDING
Rationale
During the development of municipal health pro-
motion strategies, a regional community in Victo-
ria, Australia, identiﬁed low rates of high school
completion as a high-priority concern for their
local population. Some members of the munici-
pal council had participated in previous GMB
projects in the region and determined that some-
thing similar would be a fruitful approach to this
problem (Allender et al., 2015). In order to aid this
community in developing a strategy for improv-
ing high school completion, we employed work-
shop sessions grounded in the GMB research
approach, bringing together stakeholder groups
from various community organizations and set-
tings for the purpose of creating a representation
of the dynamic system under investigation (An-
dersen and Richardson, 1997; Hovmand et al.,
2012; Hovmand 2014). The approach facilitates
the exchange and sharing of knowledge among
participants, building understanding and shared
conceptualization of this problem while also cre-
ating a product that participants, policymakers
or other stakeholders could draw from when
designing responses to increase high school com-
pletion rates (Richardson and Andersen, 1995;
Andersen et al., 1997).
Group model building is scientiﬁcally appro-
priate for conceptualizing complex systems
within community settings (Hovmand, 2014).
At the community level, there are a number of
interdependent and interacting actors dispersed
across different organizations or community
contexts who have some inﬂuence over the edu-
cational system. Despite the importance of each
of these individual actors within this system,
the complexity of the educational system and
the physical and mental demands placed on
many of these actors can preclude them from
engaging in meaningful collaboration. Individ-
uals tend to have a strong understanding of the
sections of the system in which they operate but
have a less clear picture about the system as a
whole (Hovmand et al., 2012). However, if given
the opportunity to bring together their separate
perceptions, they can develop a rich map that
describes how different sections of the system
interact with one another over time (Hovmand
et al., 2012; Scott et al., 2013).
The use of the GMB methodology had a sec-
ond, desirable outcome of fostering community
ownership of, and responsibility for, the educa-
tional attainment issue. A central tenet of the
GMB approach is its ‘bottom up’ approach,
whereby the content and structure of the model
and workshop outputs are provided by the par-
ticipants rather than the researchers. Thus, ﬁnd-
ings tend to be highly responsive to and
reﬂective of local contexts and are ‘owned’ by
the stakeholder group that produced them
(Thomas and Reilly, 2015). This ownership is
intended to empower participants and build
motivation to continue working together to
design and implement effective changes in their
community (Allender et al., 2015).
Planning/Design
Three researchers with experience and training
in GMB, group facilitation and community ac-
tion planning were approached by representa-
tives of a community coalition to design and
facilitate a series of workshops to explore local
barriers to high school attainment. Following
consultation with local government and com-
munity stakeholders, each member of the ‘core
modelling team’ (JH, CB, BO, AK, MM)
reached a consensus that the aim of the
Syst. Res RESEARCH PAPER
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workshops was to visually represent barriers
to high school attainment via a causal loop
diagram (CLD). The design of the sessions
was developed using GMB scripts, from the
‘Scriptapedia’ database (Hovmand et al.,
2012), and followed a two-workshop structure,
with an initial 3-h session, followed by a
follow-up validation session approximately
2weeks after.
Execution
Workshop Session 1
At the commencement of the ﬁrst session, partic-
ipants received an overview of the best available
data describing the issue at a community level,
describing the percentage of adolescents com-
pleting year 12 in the community, compared with
the surrounding regions, and Victoria as a whole.
Participants were then prompted to think about
high school attainment as a dynamic problem
and identify as many variables as possible that
have affected or been affected by high school
attainment in their community over time. This
activity generated a community-identiﬁed list of
the top 12–15 most important determinants of
educational attainment in the community. The
second exercise involved a facilitated group
discussion of these variables, referred to as the
‘connection circle’ exercise, throughout which a
second facilitator, acting as a ‘modeller’, recorded
each variable using a system dynamics computer
software package (Vensim, Ventana Systems,
Harvard MA, USA). As the primary facilitator
led the discussion, the modeller updated the
emerging causal diagram in real time on the
computer software, which was projected for
participants to see. Participants identiﬁed which
of these variables were causally connected, as
well as the ‘polarity’ of the connection. The polar-
ities were denoted either positive (signifying a
positive correlation between the connected
variables) or negative (signifying an inverse
correlation). Participants were urged to add,
remove or modify variables and their connec-
tions continuously throughout the exercise, and
note takers captured the discussions as close to
verbatim as was practicable.
Following the ﬁrst session, the initial
diagram that had been constructed by partici-
pants was developed into a formal CLD that
includes both positive and negative causal
linkages between system elements and iden-
tiﬁes both reinforcing and balancing feedback
loops. This task was completed by the two
members of the core modelling team who had
acted as the facilitator and modeller in the ﬁrst
session (JH, BO). Each of the three sets of notes
that captured participants’ discussion from-
session 1 was reviewed alongside the initial di-
agram to corroborate the variables and
connections that were speciﬁed in the com-
puter software. Other variables and connec-
tions that had been captured in the notes but
had not been included in the model were
added at this stage. All available notes on each
causal connection or variable in the CLD were
discussed collaboratively between JH and BO
to ensure agreement. Clusters of variables were
then identiﬁed and organized according to the
emergent themes.
Workshop Session 2
In the ‘model validation’ session, the formalized
causal loop diagram was presented to commu-
nity stakeholders, with the key domains
highlighted (school settings and resources, local
opportunities and messages, support services
and resources, mental health and wellbeing and
access to education/ geography). At the begin-
ning of the session, the purpose and scope of
the activity were reiterated to participants, and
the work of the ﬁrst session was presented to
participants as a ‘refresher’ of the initial session.
Participants were then given time to read and
consider the updated CLD and to provide writ-
ten feedback on the diagram, chieﬂy regarding
positive comments (to validate elements of the
model that were ‘correct’ from the communities
perspective), general comments (to encourage
engagement with and ownership of the model)
and negative comments (to identify ‘gaps’ or
areas that could be improved with further devel-
opment of the CLD). Comments were attached to
the CLD using colour-coded post-it notes. Posi-
tive or conﬁrmatory comments were placed on
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green post-its—general on yellow and negative
comments on red post-its.
RESULTS
Throughout the two sessions, the participatory
GMB methodology that was employed was
successful in engaging the stakeholder group to
create a CLD of the drivers of high school com-
pletion. The outputs of the workshop at several
key workshop stages are described in detail in
the following.
Session 1
During the initial discussion of determinants of
high school completion within the target commu-
nity, and the subsequent connection circles exer-
cise, participants recognized multiple levels of
facilitators and barriers to high school
attainment. Examples of facilitators identiﬁed
by the group included ‘parent attitudes toward
education’, ‘educational and community
resources’, ‘access to education’ and ‘cultural
safety and inclusion’. Examples of barriers in-
cluded ‘bullying (social media)’, ‘alcohol/other
drug use’, ‘dependence on support services’ and
‘geographic distribution’. Throughout the discus-
sion, participants were able to identify many
causal linkages between the identiﬁed determi-
nants. Figure 1 displays the CLD, as it appeared
following the construction of the initial diagram
in the connection circles exercise and the review
of the notes from the ﬁrst session. Two examples
of feedback loops (discussed in detail in the fol-
lowing) are highlighted in red and green.
Session 2
In the second session, participants were given an
opportunity to provide written feedback on the
model, validating parts of the model that were
correct, from their perspective, and identifying
areas of the model that were problematic or
could be developed further at a later stage.
Positive feedback conﬁrmed variable names and
causal links between variables across the CLD. For
example, each of the working groups had given
written feedback that validated the model as an
accurate representation of their perceptions, with
notes distributed evenly across the CLD. Partici-
pants typically provided positive comments by
placing a blank or ticked/check marked green
post-it notes next to variables that agreed with.
Other conﬁrmatory comments were typiﬁed by a
general but positive comment. For example, one
participant placed a green post-it next to the vari-
able ‘School Participation’ with the comment
‘Key strength’. General commentary was also
evenly dispersed across all groups and was fre-
quently used when participants wished to append
some additional information to a variable. In one
example, a yellow post-it was attached to the var-
iable ‘ATAR-Centric thinking’1 with the comment
‘lack of support for VCAL programme’.2 Negative
feedback tended to provide more detailed and spe-
ciﬁc commentary on the CLD. One participant
appended a red post-it with the comment ‘Knowl-
edge of scholarships’ to the variable ‘Financial sup-
port for programmes’. This comment indicated a
gap in the model, whereby the ﬁnancial support
available to support adolescents taking part in spe-
ciﬁc educational programmes was an incomplete
description of how the participant saw this deter-
minant. The participant indicated that it was not
only availability of ﬁnancial support that was im-
portant but also the awareness in the community
of what support might be available. Another neg-
ative comment appended to the variable ‘Avail-
ability of students desired subjects/courses’ was
‘School students not funded to do TAFE (Technical
And Further Education) programs’, indicating a
gap in the model around how funding for a spe-
ciﬁc school programme affects student decisions
to complete high school. A ﬁnal example of a neg-
ative comment was ‘limited opportunities for
1 ATAR, Australian Tertiary Admission Rank. ATAR is the scoring
system used to rank students’ academic performance on completion
of their year 12 studies and is the primary selection criteria for tertiary
education courses in Australian universities.
2 VCAL, Victorian Certiﬁcate of Applied Learning. VCAL is an alter-
native study pathway for students during the later years of high
school. Participating students can complete ‘certiﬁcates’ in applied
learning areas in place of the more typical year 12 subjects.
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traineeships/apprenticeships’, which was attached
next to the variable ‘perceived pressure to ﬁnish
year 12’. This comment indicated a gap in the
model, whereby the perceived pressure to ﬁnish
year 12 was an incomplete description of how
the participant saw this determinant. The partici-
pant indicated that this perceived pressure was
important but that the model did not as yet in-
clude the capacity of local industry to offer trade-
based training (i.e. electrician, plumbing, building
apprenticeships, etc.) as an alternative to year 12
studies, as something which increased the percep-
tions of pressure to complete year 12.
Overall, participants provided mostly conﬁr-
matory feedback indicating that the CLD was a
valid representation of their perceptions of the
drivers of high school completion in their
community. In addition, participants provided
general commentary, giving some minor addi-
tional detail to existing variables in the CLD
and suggesting areas for minor potential
improvement of the CLD. The working groups
that provided the most written feedback of the
three groups provided a total of >20 conﬁrma-
tory notes, ~10 general comments and 4 com-
ments indicating problems in the CLD.
Causal Loop Diagram Insights
Feedback Loops
Throughout the workshop sessions, participants
located several feedback loops, both reinforcing
and balancing. Examination of the CLD using
the Vensim computer software identiﬁed in ex-
cess of 40 feedback loops across the CLD, varying
in length from 3 to 10+ variables.
Although there is much feedback in the model,
the following examples reﬂect key feedback
mechanisms both within the model and as re-
vealed through conﬁrmatory conversations. Par-
ticipants identiﬁed a reinforcing loop, labelled
‘low parent capacity reducing service engage-
ment’. Participants were able to use this loop to
describe the scenario whereby low parent capac-
ity within the community was driving poorer
Figure 1 Causal loop diagram of determinants of high school completion, by theme after workshop 1
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parental attitudes towards education. Where
these attitudes were poor, parents were less likely
to engage with support services regarding their
children’s education, which decreased the overall
effectiveness or quality of educational services
for family and youth in the region. Low-quality
services were seen as a potential cause of poorer
mental health in the region, which contributed
to the overall disability burden within the com-
munity, which further reduced parent capacity.
This feedback loop is highlighted in red in
Figure 1.
A further example of a feedback loop in the
diagram is labelled ‘poor cultural inclusion
reducing conﬁdence to seek support’. Using this
loop, participants described how poor cultural
safety and inclusion in the community were driv-
ing low self-efﬁcacy, particularly among cultural
minority groups in the region. Low self-efﬁcacy
was seen to reduce community members’
preparedness to admit to, or ‘own up to’, issues
regarding education, and thus, willingness to
engage with support services was reduced. Low
engagement with support services, as with the
ﬁrst loop, led to poor quality support service pro-
vision to family and youth in the region, which
was a driver of poor parental attitudes towards
education. Finally, poor parental attitudes
towards education reinforced the poor sense of
cultural safety and inclusion of minority cultural
groups. This feedback loop is highlighted in
green in Figure 1.
Themes
We conduct a ﬁnal qualitative analysis by reducing
the CLD to an ‘abbreviated form’, an approach that
has been used successfully by Finegood et al. (2010)
to assess the relative size and interconnectedness of
major themes that emerged from the diagram. Each
of the theme clusters in the CLD (Figure 1) was col-
lapsed and represented as a single box in Figure 2.
In this ﬁgure, each box represents a thematic
cluster from the CLD, and the line weight of the
box outline represents the relative size (i.e. the total
number of variables included in the cluster) of that
cluster from the CLD. The arrows connecting the
cluster names represent the relative number of
causal connections that connected variables from
one cluster to another.
There was a considerable range in the size of the
themes. The smallest thematic cluster was ‘Access
to education/geography’, which contained only
seven variables, and the largest was ‘Mental health
& wellbeing’ with 33 variables. ‘School settings &
resources’was the second largest cluster, containing
25 variables, and ‘Support services& resources’ and
‘Local opportunities & messages’ were similarly
sized with 17 and 18 variables, respectively. Causal
connections bridging the different clusters were
muchmore consistent, with aminimum of one con-
nection (‘Access to education/ geography’ to ‘Local
opportunities & messages’ and vice versa) and a
maximum of four connections from variables in
the ‘Support services & resources’ cluster to the
‘Mental health & wellbeing’ cluster.
Overall, the examination of the thematic cluster-
ing of the CLD seems to suggest that many of the
determinants of high school completionmay be de-
scribed as being related to school settings and re-
sources and mental health and wellbeing, with a
particularly prominent focus on the latter. Determi-
nants relevant to adolescents’ mental health and
wellbeing also appear to be heavily inﬂuenced by
the availability of support services and resources
within the community, as well as the availability
of local employment opportunities and the mes-
sages about those opportunities that are communi-
cated within the community.
DISCUSSION
Direct Effects
The project successfully generated a CLD of local
barriers to high school attainment via a complex
Figure 2 Abbreviated causal loop diagram showing relative
number of variables within thematic cluster and relative
number of interconnections between clusters
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systems lens. Community coalition members
were able to describe the system that drives high
school completion by identifying speciﬁc, key
causal variables and explaining the manner in
which these variables interact. Participants
successfully identiﬁed positive and negative
feedback loops and discussed the dynamics that
affect their operation. Participants then had an
opportunity to reengage with the model for
validation purposes; this not only provided
researchers with additional, nuanced information
but it also gave participants valuable, hands-on
experience iteratively improving upon a model
of a complex system.
The GMB process fostered multilayered
discussions about the complexity of barriers to
high school attainment in the community that
would otherwise have been challenging to en-
gage in. During the course of engaging in GMB
activities, we observed community members ﬁrst
learning about and then internalizing complex
systems thinking in ways that we believe
enhanced their understanding of the problem
and the potential effectiveness of the interven-
tions that they might deploy. As we progressed
through each iterative step of the GMB process,
participants’ discussions made it clear that they
were moving from an understanding of educa-
tion in their community as a limited set of
cause-and-effect relationships that they took part
in or observed to a deeper understanding of the
education system as an interconnected whole.
Discussion of feedback loops appears to
have played a vital role in fostering systems
perspectives. Participants ﬁrst successfully
identiﬁed and discussed variables driving the
problem and the causal linkages between
them. Then, group members effectively
delineated feedback loops and demonstrated
an understanding of nonlinearity through
discussions of reinforcing or balancing effects
of feedback loops on the system. Feedback
structures in the CLD were a focus when the
group began initial discussions of intervention
targets and actions. For this phase of the work-
shop, participants were divided into sub-
groups and selected action areas based on
their interest or role in the community. Feed-
back loops within the CLD were used as a
frame of reference for discussion within these
subgroups, with the CLD serving as a promi-
nent visual aid and feedback loops used as
springboards for brainstorming potential ac-
tions. We believe that participants focused
their attention on these feedback loops because
the insights that they provided were both pow-
erful and, as they were only apparent after cre-
ating and inspecting the CLD, novel. Although
we have not yet reviewed a ﬁnalized version of
an action plan created by the stakeholder
group and other community members, our ob-
servations give us conﬁdence that this plan
beneﬁts from stakeholders’ participation in
the GMB process.
Group model building is inherently participa-
tory and democratic: participants ranging from
school principals to indigenous community
representatives were asked to work together to
act as a modelling team to create a shared
consensus about the system that drives high
school completion in their community. Overall,
the successful implementation of GMB in this com-
munity had three key, direct effects:
(1) Community members representing different
groups and organizations engaged with one
another, forming meaningful connections.
(2) Participants were empowered and encour-
aged to view problems from a complex sys-
tems perspective and thus will formulate
interventions and communicate the problem
and potential solutions to other members of
the community through this lens.
(3) Each participant has a sense of investment in
and ownership of the products that were cre-
ated (e.g. the CLD). Thus, participants aremoti-
vated to use this tool and to cooperate with one
another and recruit additional community
members as needed to design and implement
effective changes as part of an action plan to in-
crease high school graduation rates in their
community.
Research Implications
There is a growing belief among educational
researchers that complex systems research can
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supplement traditional quantitative analysis
approaches to produce powerful insights into
educational processes and policies, helping to
answer questions about why particular outcomes
are observed and how effective policies can be
crafted, and this belief has translated into
increased use of these approaches to study
educational problems (Maroulis et al., 2010).
Researchers have already been able to satisfacto-
rily employ complex systems approaches to
begin answering important and interesting
educational policy questions (Montes, 2012;
Kasman, 2014; Maroulis et al., 2014; Salgado
et al., 2014). The current body of research on high
school completion reveals a consensus that it
exhibits complex system properties, with
heterogeneous policy effects, interconnectedness
and adaptation (Rumberger, 1987; Labaree,
1997; Bradley & Renzulli, 2011; Harris & Kiyama,
2013). However, we have not encountered any
extant complex systems models of high school
completion.
When approaching a complex system for the ﬁrst
time, the initial and most substantial challenge
faced by researchers is determining how to charac-
terize a complex system in a way that elegantly
captures all of its essential elements and relation-
ships within a tool that can be used as a ‘virtual
laboratory’ where hypotheses about mechanisms
and policy changes can be explored. GMB offers a
way to kickstart the model design process by
providing important information from the collec-
tive observations of a range of stakeholders who
are most intimately familiar with a given system.
Thus, the products and observations generated by
the GMB project are not only immediately useful
for generating action but also represent important
inputs into a potential next phase of this project.
This effort would attempt to create a rigorous,
quantitative complex systems model (e.g. a system
dynamics model or agent-based model) of high
school completion. Once this model is designed
using GMB input, it can then be calibrated using
data from the community and ﬁnally used as a test
bed to generate important insights about policy ef-
fects in this context. In turn, both these ﬁndings
and the underlying model can be used to inform
policy changes and formal modelling efforts in
other communities.
CONCLUSION
In this paper, we explore high school comple-
tion using a complex systems framework. We
ﬁrst identify elements of the overlapping
processes that affect high school graduation that
make it an appropriate focus of complex sys-
tems analytic approaches. We then describe the
deployment of GMB to study this phenomenon
in a speciﬁc context in Victoria, Australia. Al-
though we have not seen the secondary results
of the GMB process (e.g. a ﬁnalized action plan
or implementation effects), we look forward to
exploring these in future research. Beyond the
immediate implications for the featured com-
munity, we suggest that this descriptive paper
provides beneﬁts that are twofold. Firstly, the
GMB process can be replicated in other commu-
nities to bring together stakeholders from differ-
ent community groups to create consensuses
about the forces that hinder graduation rates
and, using these insights, craft interventions
that these stakeholders believe have high poten-
tial for positive effects. Secondly, products
created during this and other GMB processes
can be used as the basis for quantitative com-
plex systems models (e.g. agent-based models
or system dynamics models) that can be used
to prospectively explore the efﬁcacy of a large
number of interventions, possibly across a num-
ber of different communities. Because designing
and implementing interventions—especially
interventions that address phenomena inﬂu-
enced by complex systems—can be expensive
in terms of resources, capacity, motivation and
opportunity, uncertainty about expected effects
can be daunting; both of the beneﬁts that we
posit represent ways to increase the ability of
researchers, policymakers and community
stakeholders to conﬁdently craft interventions
that can effectively and meaningfully increase
high school completion rates.
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The Principal (Insert Name) 
School Name 
School Address 
Victoria 
Date: xx/xx/xxxx 
Dear Insert Name, 
We are writing to you to invite your school to participate in the ‘Healthy Together Children’s 
Evaluation’ (HTCE).  The HTCE aims to evaluate long-term changes in healthy weight and associated 
behaviours among school children in Years 4, 6, 8 and 10 in your community.  In recent years, several 
initiatives have been implemented to reduce chronic disease and improve the health of the Victorian 
population.   These have included a particular focus on encouraging healthy eating and physical 
activity, and reducing overweight and obesity in children and young people; however, little empirical 
information exists on the effectiveness of these programs.  The HTCE aims to examine changes in 
healthy weight and related behaviours among Victorian school children on an annual basis in Term 4 
in the years 2013, 2014 and 2015.  We are inviting your school to participate in the 2014 evaluation.  
This study has strong support from the Victorian Department of Health and Deakin University.  The 
information from this study may be used to inform policy and practice at the community, state and 
federal levels on approaches to promote healthy weight among school children. 
Should you consent for your school to participate, all students in two year levels in your school 
comprising either Years 4 and 6 OR 8 and 10 will be invited to participate in the study.   Participation 
is voluntary and we plan to recruit students from each of these year levels across several local 
councils in Victoria throughout Term 3, 2014 (a minimum of 2600 students in total will be recruited). 
With your cooperation we plan to collect the following information from students who return a 
signed consent form (attached). All data collection will be conducted during normal class times:  
a) Complete a 10-page self-report recall survey regarding participation in physical activity and
sedentary behaviour, dietary intake, perceived quality of life (all participants) and aspects of
mental health (Years 8 and 10 only) (35min).
b) Have measurements taken of their height, weight and waist circumference and a small
sample of students will be fitted with a small activity monitor (like a pedometer) (5 min per
child).
We have ethics approval from the Victorian Department of Education and Early Childhood 
Development, the Catholic Education Office Archdiocese (Melbourne, Sandhurst, Ballarat and Sale) 
and Deakin University’s Human Research Ethics Committee (DU-HREC). We have funding to conduct 
this study and support from the Victorian Department of Health and the Centre of Excellence in 
Intervention and Prevention Sciences.  There are no financial or other rewards/incentives offered to 
schools or students to participate in this study.  This study employs an OPT-OUT consent process 
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Healthy Adolescent Lifestyle (HAL) 
Mapping Project
Understanding Physical Activity and Diet Behaviours in 
Victoria, Australia 
Project Overview 
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HAL Maps – Project Overview 
Executive Summary: 
The purpose of this project is to gather key stakeholders within two Local Government Areas 
to engage in workshops to develop a “map” that represents the determinants of healthy
adolescent physical activity and diet behaviours within specific regions of Victoria.  
A group of key community stakeholders will be identified, which includes staff from selected 
Local Government agencies, as well as teachers and students from schools within the local 
area. These stakeholders will participate in two facilitated participatory workshop sessions of
90 minutes each. The first of these sessions will produce an initial map of adolescent diet and 
physical activity determinants. After an interval of approximately 2 weeks, during which time 
the outputs of the first workshop are revised, participants return for a second workshop. In 
this second session, participants are guided through activities to review and confirm the 
model. After the second workshop, participants’ feedback and comments are incorporated 
into the model to produce a “finalised map” which is communicated back to participants in 
their home organization or setting. 
This project will result in benefits to the participating organizations and individuals by 
building shared consensus around the determinants of healthy physical activity and diet 
behaviours among adolescents in their community. Schools will benefit from an increased 
understanding of the various factors at the school and community level which influence the 
health behaviours of their students. This will result in greater knowledge of determinants 
which operate within the school environment, as well as greater awareness and understanding 
of the determinants which influence their students from the broader community setting. The 
workshop process will further highlight the complex and interconnected nature of these 
determinants. 
HAL Maps – Project Overview 
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HAL Maps – Project Overview 
Aims of the Project: 
The purpose of this project is to gather key stakeholders within two Local Government Areas 
to engage in a series of two 90-minute workshops to develop a “map” that represents the 
determinants of healthy adolescent physical activity and diet behaviours within their region.  
Study Design and Workshop Structure: 
Within each community, two separate groups will be convened, for a total of four groups 
across the entire project (See Figure 1 for research design overview). This design allows the 
researchers to achieve one of the main objectives of this study: Through this research, we 
hope to examine the kinds of similarities and differences between maps produced by this 
workshop process, when the same workshop structure is used in different groups and 
different locations. 
Figure 1: HAL Maps Research Design Overview 
The workshops designed for this project are based on the a novel workshop methodology. 
This approach guides each stakeholder group through a series of structured participatory tasks 
to examine participants’ mental models (their individual perspective of “how the world 
works”) of a given situation or problem.
Overview of Workshop Sessions: 
An initial session will be conducted for 90 minutes with each group to produce an initial map 
of adolescent physical activity and diet behaviour. The first session is facilitated by two or 
three research staff, and up to three “recorders” who take notes throughout the session. The 
output at the end of the first session is described as a “spaghetti map” (see Figure 2 for 
Community 1 Community 2 
Comm. 1 
Group 1 
Comm. 1 
Group 2 
Comm. 2 
Group 1 
Comm. 2 
Group 2 
HAL Maps – Project Overview 
example), and is revised significantly between the first and second workshops by the research 
staff, using the notes taken by the recorders. This process ensures that any discussion points 
which are not captured during the initial in-workshop modelling can be retrospectively added 
into the map.
Figure 2: Example of typical “spaghetti map” diagram (Actual variable names removed)
After an interval of approximately 2 weeks, participants return for a second workshop, where 
the revised map is presented (see Figure 3 for example). Participants are led through a second 
set of facilitated activities to review and confirm the model. The session is facilitated by the 
same team as the first session. During this session, participants actively reflect on the map, 
providing comments and feedback on its accuracy – modifying, adding or deleting from the 
map as they feel is necessary. The output of this session is a revised map, with extensive 
participant feedback, which is given a second round of development. 
Figure 3: Example of a typical “revised map” (Actual variable names removed) 
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After the model has been further revised after the second workshop, it is in its final version, 
and is communicated back to the participants for their own interest, or use in their 
organization. A summary of the overall workshop format is displayed in Figure 4, below. 
Figure 4: Overview of HAL Maps Workshop Sessions 
Participant Group: 
The participant group will consist of community stakeholders from Local Government, as 
well as secondary schools from the area. The secondary school participant group will involve 
teacher and student representation. 
Within each community, the project plans to recruit a group of up to 32 participants. The 
breakdown of a participant group will be approximately as follows: up to 16 stakeholders 
from within the LGA (e.g. health promotion officers, project support officers, etc); and up to 
8 teacher-student pairs from secondary schools within the community. (N.B. teachers and 
students are being recruited as pairs specifically to satisfy schools legal requirements around 
student supervision – if a teacher withdraws from the study and a replacement teacher from 
the school cannot be found, then the student will be automatically withdrawn). 
Once the participant pool has been established, all LGA staff and student-teacher pairs will 
be randomised into one of the two workshop groups for that particular community.
Randomization will be conducted in such a way that each group is made up of 50% LGA 
staff and 50% student-teacher pairs. 
Session 1 (90 mins) 
Inputs: 
Nil 
Objectives:  
Develop initial map 
Outputs:  
“Spaghetti map” 
Session 2 (90 mins) 
Inputs:  
Revised map 
Objectives:  
Feedback on map 
Outputs:  
Revised map + 
feedback 
two-week 
interval 
for map 
revision 
Finalised 
map returned 
to group via 
email and/or 
post 
two-week 
interval 
for map 
revision 
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Recruitment Process: 
Participants will be recruited via purposive sampling. If working relationships exist between 
LGA staff and key secondary school contacts, the assistance of LGA staff will be sought to 
assist with the recruitment of secondary schools.
Secondary schools will be contacted by phone and/or email, and asked to identify one teacher 
representative and one year 10 student representative (approximately 16 years of age) to 
participate in the workshops. Mail correspondence and contact via phone will aim to liaise 
directly with the school principal at first, with the goal of identifying a participant teacher 
who will then become the liaison for the duration of the project. 
Consent and Data Storage: 
Once the group of 16 LGA staff have been identified, plain language statements and consent 
forms will be distributed to these participants. For school participants (teachers and students) 
once a school has been invited to participate, a package containing information about the 
study, as well as teacher and student plain language statements and consent forms will be 
forwarded to the school by mail or email.  
If practicable, consent forms will be collected prior to the workshop taking place, however 
consent forms may be produced on the day of the workshop. School teachers and local 
government participants who attend on the day, but have not provided a consent form will be 
required to complete one prior to the workshop commencing. School student participants who 
attend without a consent form will only be allowed to participate if a parent or guardian can 
be reached by phone to provide verbal consent. Where a school teacher withdraws consent, 
the student participant from that school will also be withdrawn. 
The data stored will be non-identifiable, and will not be re-identifiable. Map outputs will be 
primarily electronic in nature, however some hard-copy outputs will be produced including 
workshop notes taken by the investigators, and some written descriptions of variables 
produced by the participants. Electronic outputs will be stored on secure Deakin servers for 
five years after the final publication of the research outcomes, and hard-copy outputs will be 
stored for the same time period in locked storage within the WHO Collaborating Centre for 
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Obesity Prevention at Deakin University Waterfront Campus. After this time, electronic data 
will be destroyed by file deletion, and physical materials will be shredded by a secure 
document disposal service. Throughout the research, participants will not be asked to disclose 
any information which is specific to any person. Publications will not disclose or imply any 
participant information. 
Participant Benefits & Risk Management: 
The purpose of this project is to guide key stakeholders within a specified community 
through a facilitated group process. These workshops are used to develop models of the 
determinants of physical activity and diet behaviours within their region. Mapping the 
physical activity and diet behaviour system using this technique helps identify system 
elements that may be potential targets for disease prevention intervention efforts. 
This project will have community benefits as the project will foster greater understanding of 
the systemic causes of adolescent physical activity and diet at the community level. This will 
be of particular benefit to participants from each LGA, who may find this insight useful in 
their health promotion activities. Similarly, school staff who participate may find the insights 
useful for work in the education setting.  
The proposed workshop process asks participants to discuss health risks and associated health 
issues related to adolescent physical activity and diet behaviour at a regional/societal level 
but at no time will participants be asked to discuss personal information. This project does 
not require participants to talk about their own personal diseases or health problems, nor will 
any participants be identified in any manner. The workshops discuss in general the influences 
on physical activity and dietary intake within their community. 
The research project is interested in societal and system level determinants of adolescent 
physical activity and diet behaviours. To this end it is appropriate that adolescents should be 
included in the research. While the participants, including those aged under 18, will be 
subject to the full consent process including the plain language statement  and signed consent 
form (with parent/guardian consent where necessary), the data collected during the research 
process relates to participants perceptions of societal causes of disease. No personal data will 
HAL Maps – Project Overview 
be identified and there is very low risk of any sensitive personal information being divulged. 
The research team have been closely involved in previous community based prevention 
interventions among adolescents, and have all undertaken ethics training and advanced 
training in facilitation techniques to ensure that participants are given equal voice within 
sessions and that personal data are not shared. To give a sense of the nature of data collected 
similar process have generated variables such ‘time to prepare food’, ‘water quality’ and 
‘school curriculum’ as possible drivers of dietary patterns in one community. 
Further Information: 
Thank you for taking the time to read this study brief regarding the HAL Maps project. 
If you have any further questions about the study, or the content of this document, please do 
not hesitate to contact Joshua Hayward at one of the following addresses: 
Joshua Hayward
WHO Collaborating Centre for Obesity Prevention 
Deakin University Waterfront Campus 
1 Gheringhap Street, Geelong, Victoria 3220 
Ph. 0437 029 030 
Email: jnh@deakin.edu.au 
Dear Principal or School Representative,
Your school is cordially invited to take part in the Healthy Adolescent Lifestyles Community 
Mapping (HAL Maps) Project. This project aims to bring together students, teachers, and 
health promotion professionals from Greater Geelong to build a collaborative picture of the 
determinants of physical activity and healthy diet for adolescents in the Geelong community.  
This workshop is based on a new approach to thinking about the causes of health behaviours. 
Diet and physical activity are often described as “complex”– they have many causes and 
effects, and these are often inter-related. Over two 90-minute sessions, one year 10 student 
and one teacher from your school will join a wider group of around 20 participants to build a 
diagram of these causes and effects, and the various connections between them. Only one 
“teacher-student” pair will be required to attend the sessions from your school. 
Participating in this workshop may benefit your school in a few key areas. Teaching staff 
who attend will be part of an informative discussion of determinants of adolescent health, 
working alongside other secondary teachers and health professionals from around the 
Geelong area. Students are expected to benefit from the workshop by contributing to, and 
learning from, a discussion of the health of their peers. There is also potential for leadership
development as participating students will be acting as representatives for students from their 
school, and the wider community. Finally, the map which is produced as a result of the 
workshop is expected to be of value to the school as a tool for planning internal health 
promotion activities. It is my hope that following your involvement in the workshop, the map 
may begin conversations and prompt new ways of thinking about adolescent health 
promotion. 
Thank you for taking the time to read this brief study introduction. If you have any questions, 
or for more detailed information, please feel free to contact me via the details at the top of the 
page. 
Regards,
Josh Hayward 
Sender: Joshua Hayward (PhD candidate)
World Health Organization Collaborating 
Centre for Obesity Prevention
Deakin Population Strategic Research Centre 
Deakin University Waterfront Campus,
Geelong, Australia.
Ph: 0437 029 030
jnh@deakin.edu.au
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B.3 - HAL Principal Information Letter 
Healthy Together Children’s Evaluation (HTCE) 
Grade 8 & 10 Student Questionnaire 
First Name  Surname 
Date of birth   School 
D D / M M / Y Y 
1. Which suburb do you usually live in? 2. What is the postcode?
3. Are you a boy or girl?
⃝ Boy 
⃝  Girl 
4. Are you an Aboriginal or Torres Strait Islander?
⃝ No  
⃝ Yes, Aboriginal 
⃝ Yes, Torres Strait Islander 
⃝ Don’t Know 
5. Do you speak a language other than English at home?
⃝ No, English only 
⃝ Yes, Italian       
⃝ Yes,  Greek       
⃝ Yes,  Cantonese       
⃝ Yes,  Arabic 
⃝ Yes,  Mandarin 
⃝ Yes,  Vietnamese 
⃝ Yes,  other – please specify 
6. In which country were you born?
⃝ Australia  
⃝ England  
⃝ New Zealand 
⃝ Italy 
⃝ Vietnam  
⃝ India 
⃝ Scotland  
⃝ Other- please specify 
7. What is your ancestry? (select up to two ancestries)
⃝ English     ⃝ German 
⃝ Irish    ⃝ Chinese  
⃝ Scottish     ⃝ Australian 
⃝ Italian     ⃝ Other – please specify 
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Appendix C – Tools
C.1 - HTCE Questionnaire
8. Mark how many minutes of physical activity you did on each of the past 7 days. Include physical activity during
physical education class, lunch, after school, evenings, and spare time. Physical activities include skating, bike 
riding, running, skateboarding/rollerblading and any other physical activities that make you sweat, breathe harder 
or be “out of breath”. 
None 1 to 14 
minutes 
15 to 29 
minutes 
30 to 59 
minutes 
1 to 2 hours More than 
2 hours 
Monday ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 
Tuesday ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 
Wednesday ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 
Thursday ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 
Friday ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 
Saturday ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 
Sunday ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 
9. For each of the past 7 days, mark how many hours (outside of school) did you spent sitting or lying down looking
at a screen. Think about the time you spent watching TV and movies, playing video games, video chatting, text 
messaging, or surfing internet sites like Twitter or YouTube, for example.   
None Less than 1 
hour a day 
1 to 2 hours 
a day 
More than 2 hours 
but less than 5 hours 
a day 
5 or more 
hours a day 
Monday ⃝ ⃝ ⃝ ⃝ ⃝ 
Tuesday ⃝ ⃝ ⃝ ⃝ ⃝ 
Wednesday ⃝ ⃝ ⃝ ⃝ ⃝ 
Thursday ⃝ ⃝ ⃝ ⃝ ⃝ 
Friday ⃝ ⃝ ⃝ ⃝ ⃝ 
Saturday ⃝ ⃝ ⃝ ⃝ ⃝ 
Sunday ⃝ ⃝ ⃝ ⃝ ⃝ 
10. Do you have a TV in your bedroom?
⃝ Yes 
⃝ No 
11. How many TV’s are there in your house?
⃝ None ⃝ 1 TV ⃝ 2 TV’s ⃝ 3 TV’s ⃝ 4 TV’s ⃝ 5 or more TV’s 
12. Do you have a computer or electronic games console in your bedroom?  (e.g. Nintendo, PlayStation, Xbox, Wii)
⃝ Yes 
⃝ No 
13. During the past 7 days, how did you usually get to and from school? (If you use two or more modes of travel,
choose the one that you spend most time doing) 
To School From school 
⃝ Car ⃝ Car 
⃝ School bus ⃝ School bus 
⃝ Public bus, Train or Tram ⃝ Public bus, Train or Tram 
⃝ Walking ⃝ Walking 
⃝ Cycling ⃝ Cycling 
⃝ Other active ⃝ Other active 
⃝ Other inactive ⃝ Other inactive 
14. Did your activities over the past 7 days represent a typical week for you?
⃝ Yes 
⃝ No 
15. During the past 7 days, how much time did you usually spend sleeping per night?
⃝ less than 5 hours 
⃝ 5 hours 
⃝ 7 hours 
⃝ 8 hours 
⃝ 10 hours 
⃝ 11 hours 
⃝ 6 hours ⃝ 9 hours ⃝ more than 12hours 
16. How tall are you without your shoes on?
“My height is ____________________________” 
17. How much do you weigh without your shoes on?
“My weight is ____________________________” 
18. In a typical Physical Education class, how much time
are you actually active? 
⃝ I am not taking a physical education class 
⃝ less than 15 minutes 
⃝  15 to 30 minutes 
⃝  31 to 45 minutes 
⃝  46 to 60 minutes 
⃝  more than 1 hour 
19. How many Physical Education classes did you have in
the last 7 days? 
⃝ 0 classes 
⃝ 1 classes 
⃝  2 classes 
⃝  3 classes 
⃝  4 classes 
⃝  5 classes 
20. Do you consider yourself:
⃝ Very overweight 
⃝ Slightly overweight 
⃝ About the right weight 
⃝ Slightly underweight 
⃝ Very underweight 
21. When did you last have your height and/or weight
measured? 
⃝  Today       ⃝ 6 to 12 months ago 
⃝  less than 3 months ago  ⃝ More than 12 months 
⃝  3 to 6 months ago       ⃝  Don’t Know 
22. How physically active do you consider your father
(or male caregiver) to be?
⃝ Active 
⃝ Somewhat active 
⃝ Inactive 
⃝ I don’t know 
23. How physically active do you consider your
mother (or female caregiver) to be?
⃝ Active 
⃝ Somewhat active 
⃝ Inactive 
⃝ I don’t know 
24. In general, compared to other people your age, how
would you rate your athletic ability? 
⃝ Excellent 
⃝ Good 
⃝  Fair 
⃝  Poor 
25. How much do your parent(s) or guardian(s)
encourage you to be physically active? 
⃝  Strongly encourage 
⃝  Encourage 
⃝  Do not encourage or discourage 
⃝  Discourage 
⃝  Strongly discourage 
26. How much do your parent(s) or guardian(s) support
you to be physically active? (e.g. driving you to team 
games, buying you sporting equipment, etc.) 
⃝  Very supportive 
⃝  Supportive 
⃝  Unsupportive 
⃝  Very unsupportive 
Simple Dietary Questionnaire 
1. How many serves of vegetables do you usually
eat EACH DAY?
(A ‘serve’ or ‘portion’ is ½ cup cooked vegetables or 1 cup salad 
vegetables. Tick one box) 
 Don’t eat vegetables / none
 ½ serve per day
 1 serve per day
 1 ½ serves per day
 2 serves per day
 2½ serves per day  5 serves per day
 3 serves per day  5½ serves per day
 3½ serves per day  6 serves per day
 4 serves per day  6½ serves per day
 4½ serves per day  7 or more serves per day
2. How many serves of fruit do you usually eat
EACH DAY?
(A ‘serve’ or ‘portion’ is 1 medium piece or 2 small pieces of fruit – 
tick one box) 
 Don’t eat vegetables / none
 ½ serve per day
 1 serve per day
 1 ½ serves per day
 2 serves per day
 2½ serves per day  5 serves per day
 3 serves per day  5½ serves per day
 3½ serves per day  6 serves per day
 4 serves per day  6½ serves per day
 4½ serves per day  7 or more serves per day
3. HOW OFTEN do you usually eat the take-away food
below as a meal? (tick one box)
 Every meal
 More than once a day
 Every day
 Almost every day
 2-4 times a week
 Once a week
 Once a fortnight
 Rarely or never
4. Which type do you eat most of? Tick all that  apply
 McDonalds  Hungry Jacks
 Red Rooster  Fish and chips
 Hamburger  Chicko roll
 Chinese food  Thai take-away
 Potato cakes  Pizza
 Pie/Pasty/Sausage roll  KFC
 Hot dog  Other (please specify)
 Hot chips/French fries/Wedges ___________________
5. HOW OFTEN do you eat snacks such as packet potato chips, biscuits (sweet or
savoury), chocolate, lollies, cakes and sweet pastry? (tick one box)
 3 or more times a day
 2 times per day
 1 time per day
 Almost every day
 Every second day
 Once a week
 Once a fortnight
 Rarely or never
6. HOW OFTEN do you drink soft drinks, cordial, fruit or sports drinks? (tick one box)
 3 or more times a day
 2 times per day
 1 time per day
 Almost every day
 Every second day
 Once a week
 Once a fortnight
 Rarely or never
7. HOW OFTEN do you drink soft drinks that contain caffeine? (i.e. Coke, Pepsi,
Mountain Dew) (tick one box)
 3 or more times a day
 2 times per day
 1 time per day
 Almost every day
 Every second day
 Once a week
 Once a fortnight
 Rarely or never
8. HOW OFTEN do you drink energy drinks? (i.e. Red Bull, V, Mother) (tick one box)
 3 or more times a day
 2 times per day
 1 time per day
 Almost every day
 Every second day
 Once a week
 Once a fortnight
 Rarely or never
9. Have you experienced the following symptoms after consuming one or more
energy drink(s) in the LAST 2 WEEKS? Tick all that apply.
Racing heart/ heart 
palpitations 
Upset stomach Anxiety/agitation/ 
nervousness 
Never  Never  Never  Never
Almost Never  Almost Never  Almost Never  Almost Never
Sometimes  Sometimes  Sometimes  Sometimes
Often  Often  Often  Often
Almost Always  Almost Always  Almost Always  Almost Always
10. HOW OFTEN do you usually drink flavoured milk/eat ice-cream or sweetened
yoghurt? (tick one box)
 3 or more times a day
 2 times per day
 1 time per day
 Almost every day
 Every second day
 Once a week
 Once a Fortnight
 Rarely or never
11. HOW OFTEN do you usually drink plain milk or eat cheese or plain yoghurt?
(tick one box)
 3 or more times a day
 2 times per day
 1 time per day
 Almost every day
 Every second day
 Once a week
 Once a Fortnight
 Rarely or never
12. How many glasses of water do you usually drink EACH DAY? (tick one box – note 1
glass = 250ml, a typical bottle is 600ml or just over 2 glasses)
 None
 1-2 glasses a day
 3-4 glasses a day
 5-6 glasses a day
 7-8 glasses a day
 More than 8 glasses a day
PedsQLTM
Paediatric Quality of Life
Inventory
Version 4.0 – Australian English 
TEENAGER REPORT (ages 13-18)
DIRECTIONS
On the following page is a list of things that might be a problem for you.
Please tell us how much of a problem each one has been for you
in the LAST MONTH by circling:
0 if it is never a problem
1 if it is almost never a problem
2 if it is sometimes a problem
3 if it is often a problem
4 if it is almost always a problem
There are no right or wrong answers.  
If you do not understand a question, please ask for help.
PedsQL 4.0 – (13-18)  
fAPRIL 2004  
Copyright © 1998 JW Varni, Ph.D. All rights reserved
Not to be reproduced without permission  
In the LAST MONTH, how much of a problem has this been for you …
ABOUT MY HEALTH AND ACTIVITIES (problems with…) Never Almost
Never
Some-
times
Often Almost 
Always
1. It is difficult for me to walk more than 100 metres 0 1 2 3 4
2. It is difficult for me to run 0 1 2 3 4
3. It is difficult for me to play sport or do exercise 0 1 2 3 4
4. It is difficult for me to lift something heavy 0 1 2 3 4
5. It is difficult for me to have a bath or shower by myself 0 1 2 3 4
6. It is difficult for me to help around the house 0 1 2 3 4
7. I get aches and pains 0 1 2 3 4
8. I have low energy 0 1 2 3 4
ABOUT MY FEELINGS (problems with…) Never Almost 
Never
Some-
times
Often Almost 
Always
1. I feel afraid or scared 0 1 2 3 4
2. I feel sad 0 1 2 3 4
3. I feel angry 0 1 2 3 4
4. I have trouble sleeping 0 1 2 3 4
5. I worry about what will happen to me 0 1 2 3 4
HOW I GET ALONG WITH OTHERS (problems with…) Never Almost 
Never
Some-
times
Often Almost 
Always
1. I have trouble getting along with other teenagers 0 1 2 3 4
2. Other teenagers do not want to be my friend 0 1 2 3 4
3. Other teenagers tease me 0 1 2 3 4
4. I cannot do things that other people my age can do 0 1 2 3 4
5. It is hard to keep up with other teenagers 0 1 2 3 4
ABOUT SCHOOL (problems with…) Never Almost 
Never
Some-
times
Often Almost 
Always
1. It is hard to pay attention in class 0 1 2 3 4
2. I forget things 0 1 2 3 4
3. I have trouble keeping up with my school work 0 1 2 3 4
4. I am away from school because I feel sick 0 1 2 3 4
5. I am away from school to go to the doctor or hospital 0 1 2 3 4
PedsQL 4.0 – (13-18)  
fAPRIL 2004  
Copyright © 1998 JW Varni, Ph.D. All rights reserved
Not to be reproduced without permission  

School Name: Date: 
HTCE Anthropometry Measurements 
Student ID# 
Student Name Accelerometer Number Consent Form 
(Y/N)
Date of Birth
  RA1 initials ___ RA2 initials ___    RA3 initials __
Measure 1 Measure 2   Measure 3 
Height _ _ _._ cm _ _ _._ cm _ _ _._ cm 
Weight  _ _._ _ kg  _ _._ _ kg  _ _._ _ kg
Waist  _ _._ cm    _ _._ cm    _ _._ cm   
Notes
_____________________________________________
_____________________________________________ 
_____________________________________________
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C.2 - HTCE Anthropometry Data Collection Sheet 
Healthy Together Children’s Evaluation 
(HTCE) 
Data collector training manual for the evaluation of changes in 
healthy weight among Victorian schoolchildren in selected regions 
Claudia Strugnell, Lynne Millar, Josh Hayward, Erin Hoare, Kyle Turner, Steven Allender 
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C.3 - HTCE Data Collector Training Manual
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A bit about the project… 
In recent years, several initiatives have been implemented to reduce chronic disease and improve 
the health of the Victorian population.   These have included a particular focus on encouraging 
healthy eating and physical activity, and reducing overweight and obesity in children and young 
people; however, little empirical information exists on the effectiveness of these programs.  The 
Healthy Together Children’s Evaluation (HTCE) aims to examine changes in healthy weight and 
related behaviours among Victorian school children on an annual basis in Term 4 in the years 2013, 
2014 and 2015.  A random sample of primary and secondary schools located across Victoria will be 
invited to participate.  Information deriving from this study may be used to inform policy and 
practice at the community, state and federal levels on approaches to promote healthy weight 
among school children. 
Study design and sample 
The HTCE aims to examine changes in healthy weight using a repeat cross-sectional study design 
among school children from 2013 to 2015.  Several LGA’s have been identified as evaluation areas 
based on their previous history of prevention initiatives.  A random sample of three primary and 
three secondary schools within each LGA will be invited to participate with the hope that one of 
each school type will consent (33% response rate).  All students within either Grade 4 & 6 or Grade 
8 & 10 at each school will be invited to participate in the study.  Sample size calculations based on a 
detected change in BMI-z score of -0.1 between 2013 and 2015 suggest a minimum of 25 students 
in each grade level (Grade 4, Grade 6, Grade 8 & Grade 10) are required to participate within each 
LGA. 
Overview of measures and procedure 
All students in two grade levels at each school, comprising both Grade 4 and 6 or Grade 8 and 10 
will be invited to participate.  We plan to collect a combination of self-report and objective 
measures among participants who consent to participate.  All data collection will be conducted 
during normal class times and students will be asked to:  
1. Complete a brief physical activity, sedentary behaviour, food intake and quality of life
questionnaire which will take approximately 35 minutes to complete in class-time.  This
questionnaire will ask the amount of time students engage in physical activity and sedentary
behaviour (television, computer use, video games etc.) in the previous 7-days (e.g. “How many
minutes of hard physical activity did you do in the last 7-days?”.  As well as intake of fruit and
vegetables (e.g. “How many serves of vegetables do you usually eat each day”) and perceived
levels of physical, social, emotional and school functioning (e.g. “It is hard for me to walk more
than one block”),
2. Year 8 and 10 students (only) will be invited to complete a short moods and feelings
questionnaire which will take approximately 5 minutes to complete.  This questionnaire asks
students to indicate how they have felt or have acted in the previous two weeks (e.g. Please
indicate if a statement was True, Sometime true or Not true about how you have felt or acted
in the past two weeks, “I felt lonely”, “I didn’t enjoy anything at all” etc.)
3. Have their height, weight and waist circumference measured by trained researchers in a private
and professional manner (5 minutes).
4. In addition some children in the study will be asked to wear a match box sized activity monitor
(accelerometer) on their right hip during waking hours for 7-days.
1-3 School staff will also be invited to complete a school environment audit which examines the 
policy, physical, economic and socio-cultural environment within the school.  This questionnaire can 
be completed during a lunch-time, free period or afterschool in a small group session with the 
researchers.  
NB: Measurements will be taken in school hours in a sensitive, culturally appropriate and respectful 
manner.  We will take special precautions when collecting physical information from children to 
ensure that these are collected in a private area that is screened away from other participants to 
eliminate potential distress or discomfort.  An employed teacher at each school will oversee the 
measurements and supervise the students at all times. All measurements will be taken by trained 
data collectors who have undergone training at Deakin University regarding data collection 
techniques, student sensitivity and welfare concerns and techniques to minimise discomfort and 
distress.  All data collectors will hold a current Working with Children Check.  Each child’s verbal 
consent will also be sought to participate in this study on testing days and should a child wish to 
withdraw at any time during data collection, they may without any consequence.   
It is envisaged that a maximum of two visits to each school will be required. The first visit will be to 
hand out the Plain Language Statements and consent forms and to inform and discuss the study 
with students (this could be done through a year-level assembly or morning roll call and will take <5 
minutes).  The second visit would be to conduct the survey and take anthropometric measurements 
among school children (this could be done during a Physical Education, Health or Science class or at 
a specified time during the school day).  A third visit may be scheduled to pick up the activity 
monitor (1-2 minutes), although these can be returned using the provided reply paid envelope. 
Possible benefits 
There are no financial or other rewards/incentives offered to schools or students to participate in 
this study. We cannot guarantee or promise that schools or students will receive any benefits from 
this project. However, this study may have broad community benefits as it will examine changes in 
healthy weight among school children across many regions of Victoria.  The above measurements 
will be taken from Victorian school children annually in 2013, 2014 and 2015 and will provide a 
detailed snap shot of changes in healthy weight and related behaviors. 
All participating schools will be provided with a summary of the results in a timely manner, 
following the conclusion of each annual evaluation.  Information on key indicators (e.g. weight 
status, physical activity, dietary patterns) will be presented at an individual and combined LGA level. 
In no report, publication or communication will individual students or schools be identified due to 
ethical reasons.   
Who has approved this study?  Ethical approval and funding 
We have ethics approval from the Victorian Department of Education and Early Childhood 
Development, the Catholic Education Office Archdiocese (Melbourne, Sandhurst, Ballarat and Sale) 
and Deakin University’s Human Research Ethics Committee (DU-HREC). We have funding to conduct 
this study and support from the Victorian Department of Health and the Centre of Excellence in 
Intervention and Prevention Sciences.   
What is involved for participants? The complete detail 
Table 1 provides a detailed overview of the primary and secondary outcome(s) of interest and the 
selected instrument for each item.  Each outcome variable is presented as the unit of measure to be 
examined for change from 2013 to 2015. 
Table 1 Primary and secondary outcomes of interests and proposed instrument/measure
Item Outcome(s) of interest Proposed 
Instrument/measure 
Anthropometry x Change in BMI-z score 
x Change in overweight and obesity prevalence
x Change in abdominal obesity prevalence
Height, weight & waist 
circumference 
Physical activity 
and Sedentary 
behaviour 
Duration, 
intensity and 
perceived 
psychosocial 
influences 
x Change in minutes per day (mins.d-1) spent in
daily moderate-to-vigorous physical activity
(MVPA) and sedentary time
x Change in the proportion of participants
meeting the national physical activity guidelines
and screen-time recommendations
x Change in levels of perceived psychosocial
influences on physical activity participation
Modified questionnaire 
containing items from the 
Core Indicators and 
Measures of Youth Health1 
and SHAPES2 surveys. 
Grade 8-10:  modified Child 
and Adolescent Physical 
Activity and Nutrition 
Survey, Physical Activity 
(CAPANS-PA)3 and the Child 
and Adolescent Physical 
Activity and Nutrition 
Survey, potential Correlates 
(CAPANS-C) questionnaire4. 
*Accelerometry (some
participants only) 
Diet 
Type, frequency 
x Change in typical/usual  serves of fruit and
vegetable daily
x Change in typical/usual serves of non-core
foods
x Change in typical/usual serves of sugar-
sweetened beverages
x Change in the proportion of participants
meeting the Australian Dietary guidelines for
fruit and vegetable intakes
x Change in usual caffeinated energy drink intake
Modified version of the 
Simple Dietary 
Questionnaire5, 6 
Moods and 
Feelings 
Emotional 
wellbeing 
x Change in depressive symptom score Grade 8-10: Short Moods 
and Feelings 
Questionnaire7 
Quality of Life x Change in psychosocial health summary score
x Change in physical health summary score
Paediatric Quality of Life 
Inventory (PedsQL)8 
Environments x Change in school policy environment
x Change in school physical environment
x Change in school economic environment
x Change in school socio-cultural environment
Primary Schools: Be Active 
Eat Well Environment 
questionnaire 
Secondary schools: It’s 
Your Move Environment 
Questionnaire 
Data collector training 
All data collectors will be required to attend a training session of approximately 3-hours to ensure 
they are properly prepared to undertake the outlined tasks.  Data collectors will be paid for 
attendance at training (max 3-hours).  
What will data collectors be required to do? 
Data collectors will be required to run the administration, set-up and conduction of several 
processes during data collection, however, a classroom teacher will be present at each school in 
addition to the Team Leader to answer any questions/concerns that pop up. 
1. Measure height, weight and waist circumference of children and adolescents
2. Fit an accelerometer to children and adolescents
3. Oversee the completion of the self-report questionnaires
4. Ensure appropriate set-up, pack-down and collation of data at all times.
When will data collectors be needed? 
Data collectors will be needed throughout Term 4, (Oct 7-Dec 20).  A particular focus will be on the 
first 3-weeks of October in order to measure Grade 8 + 10 students prior to the VCE exams.  You will 
be informed at which times you are needed and which location by your Team Leader (Claudia, 
Kyle/Josh or Mary).  It is estimated that you will only be required for 3 hours at the specified school 
(some days will be longer at larger schools). 
How and when will you be paid? 
Data collectors will be paid at the current Deakin University Casual RA Step 1 rate ($33.05/hour).  
Once you are given your staff ID number, you will need to lodge your hours worked through staff 
connect.  Claudia Strugnell will approve your timesheet according to the below Deakin University 
Pay Calendar.  You will only be able to claim the allocated hours worked. 
Table 2 Deakin University Pay Calendar 2013 
Pay No. Pay Period Start Date Pay Period End Date Payroll Processing Pay Date 
6 7/09/2013 20/09/2013 16/09/2013 19/09/2013
7 21/09/2013 4/10/2013 30/09/2013 3/10/2013
8 5/10/2013 18/10/2013 14/10/2013 17/10/2013
9 19/10/2013 1/11/2013 28/10/2013 31/10/2013
10 2/11/2013 15/11/2013 11/11/2013 14/11/2013
11 16/11/2013 29/11/2013 25/11/2013 28/11/2013
12 30/11/2013 13/12/2013 9/12/2013 12/12/2013
13 14/12/2013 27/12/2013 16/12/2013 24/12/2013
Your transport to and from schools will be paid for provided you meet your data collector team at 
either Geelong Waterfront campus or Burwood campus (some instances).  E.g. Say you are going to 
Pie in the Sky High School in Wyndham and need to be there at 8:30am. 
You can: 
a) Meet your data collector team at Geelong Waterfront campus at 7am, travel with the team
on the mini bus to the school.  Data collection occurs until lunchtime (12pm), then you take
the data collector team bus back to Geelong Waterfront campus (arrive 1pm).  You will be
paid for 6-hours.
b) Make your own way to Pie in the Sky High School and meet your data collection team at
8am, complete data collection until 12pm, leave via your own transport.  You will be paid for
4-hours.
Regional/Overnight stays 
In some instances 1-4 nights in a regional city will be required (e.g. Wodonga/Wangaratta).  On 
these visits, you will be provided with triple-share accommodation at a 2-3 star hotel/motel.  You 
will also be able to claim a $35/day (maximum) food allowance to cover costs of breakfast/lunch 
and dinner.  Whilst this is a realistically token gesture, we do not have budget to cover any more.  
However, in order to save costs, the Team Leader may purchase bulk items (e.g. provide breakfast, 
purchase dinner for all).  Unfortunately, alcohol cannot be refunded and comes at your own cost. 
- You would be paid for your transport costs to and from the regional city.  In some instances 
it may be cheaper to fly you instead of paying the 8-hour transport time.  We will negotiate – 
unless you are uber keen for a road trip - 
EG1.  Wodonga/Wangaratta (Monday to Friday) 
- Meet  data collector team at Geelong Waterfront Campus at 8am on the Monday and drive 
to Wodonga.  You will be paid the 4 hour drive time to get there 
- Tuesday – Thursday, you will be paid travel time from hotel/motel to school and back e.g. 5 
hours per day 
- Friday, you will be paid the 4 hour drive time back to Geelong Waterfront campus. 
Preparation Prior to School Visit 
Class Lists 
The school liaison officer is to provide class lists of students for each of the participating schools. 
This list, at a minimum, is to contain the class name (6A, 6B, 6C etc.) and the first/last name of each 
student. The provision of the date of birth and gender from schools, although beneficial for cross 
checking data, is not essential.  We will collect date of birth and gender from the consent form to 
support self-reported information. 
Once these lists are received by Deakin University each student is given a unique identification code 
based on their school name, class name and order on the class list. For example, a year 8 student in 
class A at Geelong High School listed 13th on the class list will be coded as GH8A13. A year 10 
student in class D at Geelong High School listed 9th on the class list will be coded as GH10D09. Class 
lists with student first/last name and unique identification codes will be maintained in excel spread 
sheets in a password protected file with restricted access. Avery General Labels (70 x 35mm) 
containing each student name and unique identification code will be printed (x3) to enable the 
consent form, questionnaire and anthropometric data to be linked uniquely for each student. 
Consent Forms 
Deakin University will print the plain language statement to be sent home with students for parents 
with the consent form attached. The plain language statement with the attached consent form will 
be packaged a) into class lists and sent to the school liaison officer for distribution to class teachers 
or b) delivered to classroom teachers at the conclusion of assembly/presentations. For example, 
Geelong High School should receive a clearly marked envelope (one envelope per class for all year 8 
and year 10 classes) containing the plain language statement with the attached consent form to 
parents.  
Students are to receive the plain language statement and consent form 4-6 weeks prior to data 
collection to allow time for students to take it home, have parents read and consent for their child 
to participate. 
School Visit 
Pre-arrival 
Deakin University team leaders in conjunction with school liaison officers will organise times and 
dates for data collection within schools. The school liaison officers are to arrange sites within the 
schools that will accommodate data collection; for example, a spare classroom with capabilities to 
suit the administration of the questionnaire as well as adequate space to set up private 
anthropometric stations. Approximately two weeks prior to data collection the Deakin University 
team leader will confirm the dates with the schools as cars, personnel and accommodation will 
need to be arranged by Deakin University team leaders. 
Arrival/Class Room Preparation 
The data collection team are to arrive at school approximately 30 mins prior to data collection. The 
team will register at the school reception office and wait to be directed to the data collection site 
(usually by the liaison teacher). In the class room, tables will be set up to seat 1 student per table to 
minimise any students discussing questions and answers. 
Measurements are taken in a separate space, screened from other students by gender-matched 
research staff trained in anthropometrics and body image protection. As such, males will be 
measured in one corner and females in the other at the back of the class. Each corner will have their 
own stadiometer to measure height and scales to measure weight and surrounded with screens to 
provide privacy. For larger schools a third station can also be arranged if required. Students will be 
unable to see their height or weight measures. Verbal consent of the participating student will also 
be sought on the day of data collection. 
Consent Forms 
If possible, it would be of benefit for the consent forms arranged in class groups to be at the 
reception office upon arrival.  After preparing the class room, withdrawal of consent forms will be 
checked against hard copy student class lists to ensure all students whose consent has been 
withdrawn by a parent or guardian are not present during data collection.  
Student Questionnaire and Measurements 
We would prefer 1-2 classes (20-30 students) per period to attend the designated data collection 
area. Upon arrival consenting students will be seated and checked against both the consent form 
and class list. Any absent but consented students are to be noted at this time. The questionnaire 
will then be administered by the team leader to the class as a whole. The questionnaire is 
anticipated to take 20-30 minutes. Upon completion of the questionnaire students will be measured 
for height, weight and waist. All students will be requested to remove shoes, heavy 
jumpers/blazers, keys, phones etc. Measurements are anticipated to take 10-15 minutes. 
Following each session a Data Collection Checklist is to be completed by the team leader. Consent 
forms, questionnaires and anthropometry forms are to be counted and documented. Absent 
students and any other relevant information (i.e. cast on arm) are also to be documented. For all 
consenting students their unique identification code previously printed onto Avery General Labels 
will be placed on the consent form, questionnaire and anthropometry form and placed into their 
clearly labelled class envelope. 
Class Room Tidy Up/Departure 
The class room will be left in the same condition as on arrival. All equipment will be packed away 
and tables returned to their former position. If we are at the school for more than one day we may 
request to leave some equipment set up (stadiometers, scales, screens) but permission will be 
left to the discretion of the school. 
Anthropometry (Height, weight and waist circumference) 
Introduction: 
The current 2003 National Health and Medical Research Council’s (NHMRC) Clinical Practice 
Guidelines for the Management of Overweight and Obesity in Children and Adolescents recommend 
the use of the body mass index (BMI) to define overweight and obesity Australian children aged 2 to 
18 years.9  The body mass index is calculated by dividing weight in (kg) by  height in (m)2 (kg/m2).10 
The criteria used to define overweight and obesity depends on the international growth reference 
used, for example the WHO BMI growth reference uses an age-sex-specific BMI z-score to define 
overweight (+1 to 2 standard deviations) and obesity  (+ 2 standard deviations),11 whereas the 
International Obesity Task Force’s (IOTF) growth reference provides age-sex-specific cut-points to 
define overweight and obesity among youth.12   In addition to the BMI, the NHMRC’s Clinical 
Practice Guidelines for the Management of Overweight and Obesity in Children and Adolescents 
recommends the measurement of waist circumference to determine abdominal obesity among 
Australian youth aged 2 to 18 years.9  There are no standardised international waist circumference 
growth references or criteria to define abdominal obesity among children and adolescents,13 
however, several national growth references exist (e.g. Australia,14 US,15 and the UK16) and greater 
than the >90th percentile is used to define abdominal obesity among children aged 10 to 16 years by 
International Diabetes Federation.17  The below section describes in detail how height, weight and 
waist circumference will be collected in this study. 
Aim:   
To examine change in BMI-z score 
To examine change in overweight and obesity prevalence 
To examine change in abdominal obesity prevalence 
Instrument(s): 
Measured height (stadiometer) 
Measured weight (weight scale) 
Measured waist circumference (metal tape measure) 
Set-up: 
1. Where to set up scales and stadiometer:   Think carefully where to put the equipment.
Ensure that it is not in walkways or in the way of staff or other students.   A quiet place away
from where other students are is best, if possible.  Set up equipment and check paperwork
before students are brought in.
2. Setting  up the stadiometer:
- Bars of the stadiometer should be inserted with no gap
- Match up symbols where applicable
3. Setting up the scale:
- Turn the scales on (kick the little on button at the base of the scale)
- Make sure the display is reading 0kg before use 
- Scales should sit flat on the provided tile or on the hard surface (i.e. don’t place scales on 
the carpet) 
4. Fill in the date and time on the measuring session form
5. Ensure that only students whose parents have given consent are weighed and measured).
UNDER NO CIRCUMSTANCES CAN ANY STUDENT BE WEIGHED AND/OR MEASURED IF THEY
HAVE RETURNED A WITHDRAWAL OF CONSENT FORM.  Be aware of more than one “Harry”
or “Sarah” in a group and ensure you check surnames as well as first names.
6. Some students may be worried about being weighed, measured.  Explain to them openly the
procedure as this may help them feel more comfortable.
Procedure Height: 
1. Where possible, remove and head garments (hats, headbands) and high pony tails.  Any religious
head wear can be worn (hajib/shroud or Kippah’s) where necessary.  Try to make sure that
ponytails/clips get in the way as little as possible.  Note on your record sheet any student that
wore something in their hair.  Also note any physical problem that might impact on getting an
accurate reading on height e.g. broken leg/arm.
2. Make sure students don’t have any shoes on.
3. Ask the student to step onto the stadiometer and place their heels together (touching the
vertical measuring column) with their shoulders and bottom back (touching the vertical
measuring column) …. ‘Tall like a soldier’
4. The student should look straight ahead with the lower border of the bony orbit (eye socket) and
the upper margin of the external opening of the auditory canal (ear hole) in the same horizontal
line (the Frankfurt plane (Figure 1).
5. Ask the student to take a deep breath in and stretch up tall while keeping their heels on the
floor.  The student should hold their breath.
6. Measure height across the highest part of the head by bringing the movable headboard down
with sufficient pressure to compress the hair while the student is holding their breath.
7. Holding the measure in place, ask the student to breath out and duck down, stepping away from
the stadiometer.  Record the measure to the nearest 0.1cm on your data collection form.
8. Repeat this procedure for the second measure.
9. If the two measures differ by more than 0.5cm, record a third measure using the same
method.
Points to watch: 
- Make sure all pieces of the stadiometer are fitted firmly together and there are no gaps. 
- Make sure that a student’s feet and heels are flat on the floor when you read the 
measurement.  
- Make sure the square sits on the student’s head.  Don’t press the set square down too hard 
on the student’s head as they may shrink down under the pressure.  Do make sure the 
square is actually in contact with the student’s head and not just the hair as some children 
have big hair that can inflate their height by several millimetres. 
Figure 1 The Frankfurt plane* 
* Figure from the UK Department of Health Obesity Team 18
The Frankfurt plane 
Imaginary line between the 
lower border of the bony 
orbit (eye socket) and the 
upper margin of the external 
opening of the auditory 
canal (ear hole) in the same 
horizontal line. 
Procedure Weight: 
1. Place the scales on the tile provided or on a hard surface.
2. Switch on the scales (the ‘kick’ button at the bottom of the scales).  Change the batteries if
necessary.
3. Ask the student to remove anything they have in their pockets, particularly keys or other heavy
items.  Also have them remove and watches and jewellery they may be wearing.
4. Have students wear one layer of clothing and take off any jumpers/coats they are wearing.  If
the student is wearing a cultural garment (e.g. kaftan) please note this on the record sheet.
5. If the student has one or more limbs missing, please note this on the data collection sheet.
6. If the student is wearing an artificial limb, record this information but do not have them remove
the limb.
7. Ask the student to stand on the scales and look straight ahead (i.e. not down at the reading).
The student should have their hands by their sides.  Wait for the weight to stabilise on the
monitor and record this to the nearest 0.1kg.  If the number does not stabilise and continues to
oscillate between two readings (e.g. 43.3 and 43.4 kg) then record the average of the two
numbers (i.e. (43.35 kg) on the record sheet.
8. Ask the student to step of the scales.  Allow the weight scale to return to zero and then repeat
the procedure for a second reading.
9. If the two readings are more than 0.5kg different, repeat the process for a third reading.
Record all three readings on your data collection form.
Points to watch: 
- Students should stand on squarely, in the centre of the scales (e.g. not towards the front or 
the back of the platform) as to not underestimate actual weight. 
- Make sure the weight panel has stabilised before you take the reading. 
Procedure Waist circumference: 
1. Discuss with the student what you are going to do, in simple language they can understand.
Let them touch the tape if it makes them feel more comfortable.
2. The student should remove any belts and heavy outer clothing.  Measurement should be
taken at most over one layer of light clothing.
3. The student stands comfortably with feet shoulder width apart, the arms should be folded
across the chest.  Note that posture can affect waist-circumference.
4. The measurement is taken mid-way between the lower costal (10th rib) border and the top
of the iliac crest, in the mid-axillary line, horizontally to the body.
5. Each landmark should be palpated and marked with a sticker, a coloured sticker is to be
used to temporarily identify the level at which the measurement to be taken.  The
circumference is measured at the end of normal expiration.
x Step 1:  Speak to students about what you are going to do
x Step 2:  Palpate for iliac crest and mark with a sticker
x Step 3:  Palpate for 10th rib and mark with a sticker
x Measure the distance between these two landmarks and mark with a sticker
6. Fit the tape around the waist, but make sure it does not compress underlying tissue.  The
measurer is positioned on the side of the student to read the tape.
7. If the two readings are more than 0.5cm different, repeat the process for a third reading.
Record all three readings on your data collection form to the nearest 0.1cm.
Figure 2 Waist circumference measurement site 
Please ensure that no other students’ can see or hear height, 
weight or waist-circumference results:  Confidentiality must be 
assured.  If a student wishes to know their measurements you 
can discretely tell them. It is important to record it without 
saying it and without any other students’ seeing the scales or the 
result.  Also ensure that the student you are measuring does not 
see any other student’s results. 
Physical activity and sedentary behaviour (Questionnaire) 
Introduction: 
Regular or habitual physical activity and sedentary behaviour participation are commonly examined 
through questionnaires at the population level as they are simple and inexpensive19 and have been 
associated with health outcomes among children and adolescents.20  Appendix 1 provides a quick 
overview of several self-report physical activity and sedentary behaviour participation 
questionnaires that were considered for application in this study.  These questionnaires were 
ordered on their validity correlations with a criterion and were selected based on their prior 
application among Australian school children (if applicable), ease of administration, questionnaire 
length, reliability properties and administration type (e.g. proxy-report for young children and self-
report for older children).  The resulting list highlights the School Health Action, Planning and 
Evaluation System (SHAPES) questionnaire for children in Grade 4 to Grade 10 with construct 
validity correlations (accelerometry) being moderate for average MVPA min.d-1 (r = 0.44, P>0.01).2  
This correlation is considerable given a recent systematic review found median criterion validity 
correlations of physical activity questionnaires to be r = 0.30 to 0.39 for new questionnaires and r = 
0.25 to 0.41 for existing questionnaires.21  After consultation with the authors of the SHAPES, they 
highlighted the progress towards uniform measures of physical activity and sedentary behaviour 
across Canada (in consultation with several other universities).1  The additional benefit of standard 
measures would enable potential comparisons with other students.  Therefore, three question 
items from the Core Indicators and Measures of Youth Health – Physical Activity & Sedentary 
Behaviour Module1 examining duration spent in MVPA, sedentary time and mode of active 
transport to and from school were also included alongside 15 question items from the SHAPES 
questionnaire.2  The SHAPES questionnaire and Core Indicators and Measures were developed in 
Canada and based on the Canadian physical activity22 and sedentary behaviour23 guidelines for 
youth which are identical to the Australian physical activity and sedentary behaviour guidelines.24, 25  
This supports the use of these question items in the Australian context, despite being validated 
among Canadian youth aged 11 to 18 years, as they are likely to have similar results in Australia.  A 
modified version of the SHAPES questionnaire will be used for all participants.  Students in Grade 8 
& Grade 10 will also recall detailed sedentary behaviour  duration and perceived psychosocial 
influences on physical activity participation using items from the CAPANS-PA (Child and Adolescent 
Physical Activity and Nutrition Survey, Physical Activity)3 and the CAPANS-C (Child and Adolescent 
Physical Activity and Nutrition Survey, potential Correlates)4 questionnaires.   Duration of physical 
activity and sedentary behaviour participation will be recalled over the previous 7-days.2
Aim:  
To examine change in minutes per day (mins.d-1) spent in daily MVPA and SB 
To examine change in the proportion of participants meeting the national physical activity 
and screen-time guidelines 
To examine change in perceived levels of influence on physical activity participation 
Instrument(s): A modified questionnaire involving several items from the following surveys 
       School Health Action, Planning and Evaluation System 
      Core Indicators and Measures of Youth Health – Physical Activity & Sedentary Behaviour 
Module 
       Child and Adolescent Physical Activity and Nutrition Survey, Physical Activity (Grade 8 &10) 
       Child and Adolescent Physical Activity and Nutrition Survey, potential Correlates (Grade 8 & 10) 
Set up: 
1. Where to administer the questionnaire:
As outlined in the recruitment and engagement strategy, the location of the questionnaire
administration will vary according to the response rates of students.  The questionnaire will
either be administered to students a) in their current classroom at a specified time across
the school e.g. P4 by trained data collectors or b)
Students who have consented to participate will converge at a specified time e.g. P1 in the
gym/assembly hall.  They will be guided through the questionnaires by the trained data
collectors
Procedure Self-report PA and SB 
1. The data collector shall ‘walk’ through the group of participants through the questionnaire
and use the standardised list of questionnaire prompts to answer student questions.  This
will ensure the responses to students are kept consistent across all measurement sites. The
SHAPES questionnaire will take approximately 15 minutes to complete.
2. Once the questionnaire has been completed, please collect these and if time, see if there are
any incomplete answers or missing responses.
Diet quality (Food Frequency Questionnaire) 
Introduction:  
Usual dietary intake is commonly examined through food frequency questionnaires at the 
population level as it is quick, inexpensive and has low participant burden in large scale studies.26 
The examination of diet quality has been subject to increased attention over the last few decades 
with the global obesity pandemic,27 and marketing of energy-dense and nutrient poor foods (also 
known as non-core foods) to children.28  Appendix 1 provides a quick overview of several food 
frequency questionnaires considered for application in this study.  The advantage of a food 
frequency questionnaire compared to a 24-hour diet recall questionnaire is that usual intake can be 
estimated, whereas a singular 24-hour diet recall is subject to intra-individual variation and 
requires several administrations to capture usual intake, which subsequently increases costs and 
subject burden.26 The analysed questionnaires were ordered according to their validity correlations 
and were selected based on their prior application among Australian school children, ease of 
administration, questionnaire length, and reliability and validity properties.  The resulting list 
highlighted the use of the Simple Dietary Questionnaire (SDQ) which has previously been validated 
among Australian school children aged 13 to 16 years and demonstrated moderate validity 
correlations (r = 0.42 to 0.57).5  A recent systematic review of food frequency questionnaires 
among youth found validity correlations ranged from r =  0.1 to 0.8,29 further highlighting the use of 
the SDQ among Australian children.   The SDQ is a quick 27-items questionnaire that examines 
intakes of fruit and vegetables, fat from dairy, sweetened beverages and non-core foods and was 
based on the former (2003) Australian dietary guidelines.30, 31  
Aim: 
To examine change in typical/usual serves of fruit and vegetable daily 
To examine change in typical/usual serves of non-core foods 
To examine change in typical/usual serves of sugar-sweetened beverages 
To examine change in the proportion of participants meeting the Australian Dietary guidelines 
for fruit and vegetable intakes 
To examine change in caffeinated energy drink intake 
Instrument:  
Self-report and proxy-report dietary intake (SDQ questionnaire)5, 6 
Set up: 
1. Where to administer the questionnaire:  Year 4 to Year 10
As outlined above, the location of the questionnaire administration will vary according to
the response rates of students.  The questionnaire will either be administered to students a)
in their current classroom at a specified time across the school e.g. P4 by trained data
collectors or b)
Students who have consented to participate will converge at a specified time e.g. P1 in the 
gym/assembly hall.  They will be guided through the questionnaires by the trained data 
collectors 
2. Ensure that only students who have given consent are weighed and measured.  UNDER NO
CIRCUMSTANCES CAN ANY STUDENT BE WEIGHED AND/OR MEASURED IF THEY HAVE
RETURNED A WITHDRAWAL OF CONSENT FORM.  Be aware of more than one “Harry” or
“Sarah” in a group and ensure you check surnames as well as first names.
Procedure Self-report dietary intake 
1. The data collector shall ‘walk’ through the group of participants through the questionnaire
and use the standardised list of questionnaire prompts to answer student questions.  This
will ensure the responses to students are kept consistent across all measurement sites.  The
CDQ will take approximately 10 minutes to complete.
2. Once the questionnaire has been completed, please collect these and if time, see if there are
any incomplete answers or missing responses.
Emotional wellbeing (Questionnaire) Grade 8 & 10 only 
Introduction:   
Emotional wellbeing and depression in particular influence many young Australians with estimates 
indicating that approximately 25% of adolescent girls and approximately 10% of adolescent boys in 
Australia have high levels of depressive symptoms.32  Childhood obesity has many associated 
consequences, of which depression and social exclusion are associated.33  In addition, diet quality34 
and physical activity35 participation have been associated with depressive symptoms among 
adolescents.  In 2011, the NHMRC Clinical Practice Guidelines for depression in adolescents and 
young adolescents were released in partnership with Beyond Blue and highlight the use of 
questionnaires, scales and tools to help the initial identification of general distress and depressive 
symptoms.32  Although no specific instrument was encouraged over another, the Short Moods and 
Feelings Questionnaire (SMFQ) was mentioned as an instrument to examine depressive symptoms 
among Australian adolescents and young adults.32  Appendix 1 also examined several 
questionnaires that focus on depressive symptoms and general mental health.  The Short Moods 
and Feelings Questionnaire (SMFQ) was demonstrated to have high internal consistency among 
Australian children aged 10-14 years,36 with the additional benefit of having international 
application and validation among children and adolescents.7 Therefore, the 13-item SMFQ was 
selected as the instrument to examine  depressive symptoms.7 
Aim: 
To examine change in depressive symptom score 
Instrument: 
Grade 8 & 10: Short Mood and Feelings Questionnaire7 
Set up: 
1. Where to administer the questionnaire:  Grade 8 and Year 10
As outlined above, the location of the questionnaire administration will vary according to
the response rates of students.  The questionnaire will either be administered to students a)
in their current classroom at a specified time across the school e.g. P4 by trained data
collectors or b)
Students who have consented to participate will converge at a specified time e.g. P1 in the
gym/assembly hall.  They will be guided through the questionnaires by the trained data
collectors
2. Ensure that only students who have given consent are weighed and measured.  UNDER NO
CIRCUMSTANCES CAN ANY STUDENT BE WEIGHED AND/OR MEASURED IF THEY HAVE
RETURED A WITHDRAWAL OF CONSENT FORM.  Be aware of more than one “Harry” or
“Sarah” in a group and ensure you check surnames as well as first names.
Procedure for the SMFQ 
1. The data collector shall ‘walk’ through the group of participants through the questionnaire
and use the standardised list of questionnaire prompts to answer student questions.  This
will ensure the responses to students are kept consistent across all measurement sites.  The
SMFQ will take approximately 5 minute to complete
2. Once the questionnaire has been completed, please collect these and if time, see if there are
any incomplete answers or missing responses.
Quality of Life (Questionnaire) 
Introduction:   
The WHO definition of health is multidimensional and is not merely a state where disease or ailment 
are absent; “Health is a state of complete physical, mental and social well-being and not merely the 
absence of disease or infirmity”.37  The assessment of health-related quality of life in-part tries to 
capture this multidimensional state of health which can affect both physical and mental health.38  
Although quality of life is a complex concept, questionnaires have previously been used among 
children and adolescents to assess these concepts. Appendix 2 contains a summary of several 
questionnaires that assess health-related quality of life.  In particular, the Paediatric Quality of Life 
Inventory (PedsQL)TM8 has been used internationally to examine health-related quality of life and is a 
quick (1-page)  23-item questionnaire that examines physical, emotional, school and social health.  
The Australian validated Assessment of Quality of Life (AQoL)39 questionnaire was not considered 
appropriate for use as it contains 15-items over 4-pages and was considered to lengthy for the 
current study. 
Aim: 
To examine change in psychosocial health summary score 
To examine change in physical health summary score 
Instrument: Paediatric Quality of Life Inventory (PedsQL)TM8 
Set up: 
1. Where to administer the questionnaire:  Year 4 to Year 10
As outlined above, the location of the questionnaire administration will vary according to
the response rates of students.  The questionnaire will either be administered to students a)
in their current classroom at a specified time across the school e.g. P4 by trained data
collectors or b)
Students who have consented to participate will converge at a specified time e.g. P1 in the
gym/assembly hall.  They will be guided through the questionnaires by the trained data
collectors
2. Ensure that only students who have given consent are weighed and measured.  UNDER NO
CIRCUMSTANCES CAN ANY STUDENT BE WEIGHED AND/OR MEASURED IF THEY HAVE
RETURNED A WITHDRAWAL OF CONSENT FORM.  Be aware of more than one “Harry” or
“Sarah” in a group and ensure you check surnames as well as first names.
Procedure for the (PedsQL)TM 
1. The data collector shall ‘walk’ through the group of participants through the questionnaire
and use the standardised list of questionnaire prompts to answer student questions.  This
will ensure the responses to students are kept consistent across all measurement sites.  The
(PedsQL)TM will take approximately 5 minutes to complete.
2. Once the questionnaire has been completed, please collect these and if time, see if there are
any incomplete answers or missing responses.
Obesogenic school environments 
Introduction 
The landmark paper describing the obesogenic environment (physical, economic, political and 
sociocultural) as a driver for obesity40 has increased the international focus on environments within 
particular settings.  Within a school, these four environments interact to promote or counter 
obesity at differing rates and are avenues in which interventions can target.  The Be Active Eat Well 
environmental audit and the It’s You’re Move environment audit are two questionnaires that have 
been applied in large community-based intervention studies in Victorian schools.  It is difficult to 
validate these questionnaires against a criterion, however, they both have high logic/face validity.  
Both questionnaires have a high number of items 53 to 67-items and are completed at the school-
level, so there is no burden on children.   
Aim
To examine change in school policy environment 
To examine change in school physical environment 
To examine change in school economic environment 
To examine change in school socio-cultural environment 
Instrument: 
Primary Schools: Be Active Eat Well Environment questionnaire 
Secondary schools: It’s Your Move Environment questionnaire 
Set up:
1. The questionnaire should be administered to 1-3 teachers of the school in a quiet area e.g.
staff room or spare classroom
Procedure for the Be Active Eat Well and It’s Your Move Environment questionnaires 
1. The data collector shall supervise the teachers (of which have some knowledge in
nutrition/physical activity (e.g. health, physical education or science teacher).   Each
questionnaire will take approximately 20-30 minutes to complete.
Data Entry, Cleaning and Analysis Overview 
Issues with Data entry and cleaning 
Issues 
x missing information
x no documentation (paper or electronic)
x important and often highly relevant information in the head of key staff
What happens to the data collected? 
3 types of data results from data collection; 
x Consent Form
o First entry
o Second entry
x Anthropometry Form
o First entry
o Second entry
x Questionnaire(s)
o First entry
o Second entry
To create 1 usable ‘clean’ data file; 
1. Compare consent form first entry to second entry. Any errors must be checked manually by
locating the original consent form. Any missing information is irretrievable.
2. Compare anthropometry form first entry to second entry. Any errors must be checked
manually by locating the original anthropometry form. Any missing information is
irretrievable. Anthropometry is linked to the ‘clean’ consent form file where the name and
identification number are checked against one another.
3. Compare the questionnaire first entry to second entry. Any errors must be checked manually
by locating the original questionnaire. Any missing information is irretrievable. The
questionnaire data is then linked to the consent form/anthropometry data by the
identification number and DOB is checked. Again any errors must be checked manually by
locating the original consent/anthropometry/questionnaire or by contacting the school.
Data collection requirements 
x Identified the need to document the data collection process
x Very important not to just collect the data but to look at the data
o Scan consent forms for missing data
o Count students in each session, count consent forms, count anthropometry forms,
count questionnaires, entries in first and second entry database for consent forms,
anthropometry forms and questionnaires
o Document ALL information for example students that do not wish to be weighed,
students that are absent, students that are at sport, students with leg/arm casts etc.
x More laborious but much easier to track the data in the future
x Most importantly if by chance we are abducted by aliens then the data can be traced by
others!!
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Appendix 
Appendix 1. Testing day checklist 
School : _________________________      
     Date: __/__/2013 
Testing Day Check List 
Equipment  Scales  (x3)  
Spare Batteries   
Charger for batteries  
Boards for scales (x3)  
Stadiometers (x3)   
Step ladder (x2)  
Screens (x3)   
Clipboards (x3)   
Data Collection Checklist  
School Class Lists   
Protocol for Anthropometry  
School Name Labels  
Anthropometric Forms   
Pens   
Questionnaires   
Accelerometers  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Roles of Facilitation Team
Group model building involves successfully managing multiple roles from starting a session, to 
facilitating an exercise, and documenting the process.  While a session could potentially be completed 
by as few as two experienced facilitators, the results may be compromised as the facilitators have to 
balance group process with the need to produce outputs using a series of structured exercises. 
Consequently, group model building is typically done in teams with one or more roles assigned to 
each team member. Below are some of the team roles needed for this project along with a description 
of their primary function and qualifications:
Meeting opener/closer: The meeting opener/closer convenes the meeting and brings the meeting to a 
close. This person is familiar with the project and its importance, and usually a recognized leader 
within the group. They provide a context for the overall issue and process. They do not have to be 
someone who was on the core modeling team or participated in the design of the sessions. The 
primary function of the meeting opener/closer is to start and end the meeting and set the overall stage 
for the group model building activities.
Modeler: The modeler is someone who is experienced in system dynamics modeling and modeling 
software (e.g., Vensim) and has some experience in group model building. The modeler develops the 
model and helps the group reflect on model structures that emerge during the session.
Facilitator: The facilitator is someone who has some experience in system dynamics and group 
model building facilitation. The facilitator works focuses on developing the diagrams, introducing 
concepts from system dynamics, and translating participants’ statements into phrases that are easier 
for the modeler to use.
Note Taker: The note taker will take notes during the large group discussions. The primary function 
of the recorder is to document the discussion and products, and then distribute the documentation to 
members of the facilitation team. Sessions may have an additional recorder if needed.
Wall builder: The wall builder is someone who is able to cluster concepts in meaningful categories 
based on the conversation in the room. It is helpful if the wall builder have some familiarity with the 
context of the issue being discussed. The wall builder arranges participants’ results on the wall into 
clusters as part of an exercise.
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Table of Facilitation Team Members and Roles
Roles GMB Session I
Opener/Closer Josh
Facilitator Josh
Wall Builder/Co-
Facilitator
Bryn
Modeler Andrew
Note Takers Steffanie, Claudia
Observers Steve, Kayla, Lynne
Roles GMB Session II
Opener/Closer Josh
Facilitator Josh
Co-Facilitators Bryn, Lynne
Modeler Andrew/Jaimie
Note Takers TBC
Observers Steve
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Detailed Agenda: Session 1 
Stream 1: 20/10/15 (11:00am – 12:30pm)
Stream 2: 23/10/15 (12:30pm – 2:00pm)
Healthy Adolescent Lifestyle Maps GMB Project
Group Model Building Project
Purpose of the Session:
A group model building session will bring together stakeholders from different sectors and 
perspectives to integrate their knowledge and experience in order to identify the components and 
linkages that are relevant to these health behaviours in their community.
Time 
(Str. 1)
Time 
(Str. 2)
Task 
Duration
Activity Description
10:30am 12:00pm 30mins Room Setup Members of the GMB team arrange the 
room.
11:00am 12:30pm 10mins Welcome and 
Introduction to 
GMB Session
The convener (Josh) welcomes participants 
and opens the meeting. Introduction of 
participants and facilitation team. The 
facilitator (Josh) provides a brief 
introduction to the project and the purpose 
of the session.
11:10am 12:40pm 30mins Graphs Over 
Time
The facilitator (TBC) introduces the 
“Graphs over Time” exercise and gives 
participants 10 minutes to work in groups of 
three to draw as many graphs over time as 
they can on “Things that affect or are 
affected by adolescent physical activity or 
diet in your community.”
At the 9-minute time limit approaches the 
facilitator gives a 1 minute warning and 
tells participants to prioritize graphs over 
time from most favorite (on the top) to least 
favorite (on the bottom). Then in a round-
robin fashion, the facilitator asks 
participants to share one graph over time.
The facilitator takes each graph and brings 
it to the wall-builder (Bryn). The wall-
builder organizes the graphs over time into 
clusters of variables on wall. At the end of 
one rounds of sharing, the wall-builder 
summarizes emergent clusters or themes.
The Modeler (Andrew) for the following 
connection circle activity pre-fills the 
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connection circle screen with participants’ 
graphs over time, as they are shared by 
participants.
11:40am 1:10pm 40mins Connection 
Circle 
The facilitator (Josh) introduces the 
connection circle script.
The goal of a connection circle 
exercise is to find the connections 
between different concepts or 
variables that contribute to or are 
affected by some issue—in this case 
adolescent health behaviours in 
your community.
We can start by taking two of the 
concepts you identified in the first 
exercises. We will use arrows 
drawn between the variables to
show how one concept affects 
another. 
Examples are given reflecting both the
direction and polarity of relationships 
between variables. Participants are informed 
that we will also add variables to the circle.
The modeler (Andrew) draws the links as 
the facilitator is speaking, and Vensim is 
projected.
The facilitator (Josh) says that we are 
going to proceed in round-robin fashion 
around the group.  Please pick two variables 
from this list or feel free to add another, 
then describe how the first influences the 
second.
The recorders (all) note the stories shared 
and conversations between participants.
With 10 minutes to go, the modeler 
(Andrew) will give the facilitator (Josh) an 
indication that the end of the session is 
approaching. The facilitator will ask 
participants if there are any last links they 
would like to add and closes the activity.
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12:20pm 1:50pm 10mins Closing The facilitator (Josh) explains the next 
steps including going over the notes and 
cleaning up the diagram to continue to build 
on the next meeting. Potential next dates are 
discussed with participants. Participants are 
thanked for their time, and invited to stay 
after if they have more questions.
12:30pm 2:00pm n/a Close session Session finished
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Detailed Agenda: Session 2 
Stream 1: 5/11/15 (11:00am – 12:30pm)
Stream 2: 6/11/15 (12:30pm – 2:00pm)
Healthy Adolescent Lifestyle Maps GMB Project
Group Model Building Project
Purpose of the Session:
Participants will revisit their work from the previous session and will revise the diagram.
Time 
(Str. 1)
Time 
(Str. 2)
Task 
Duration
Activity Description
10.30am 12:00pm 30mins Room Setup Members of the GMB team arrange the 
room.
11:00am 12:30pm 10mins Welcome and 
Introduction to 
GMB Session
The convener (Josh) welcomes participants 
and opens the meeting. Introduction of 
participants and facilitation team. The 
facilitator (Josh) provides a brief 
introduction to the purpose of the session.
11:10am 12:40pm 10mins Model 
Presentation
The Presenter (Josh) gives a brief outline 
of the development of the model from last 
workshop’s outputs to the current version of 
the map.
11:20am 12:50pm 30mins Community 
Feedback on 
GMB Model
The facilitator (Josh) at the front of the 
room explains the purpose of the exercise, 
inviting participants to work in groups of 
three, using use sticky notes to provide 
different types of feedback to the new 
version of the model.
Participants can convey positive comments 
(“things I liked”), concerns or proposed 
changes (“things I think are wrong/need to 
be changed”) and comments (“this is new 
knowledge/this requires further 
investigation”). Positive sticky notes should 
be given on a green post-it note, concerns or 
changes on red, and general comments on 
blue. 
At this stage participants are also invited to 
add any links to the CLD that they think are 
missing, or add polarity to any connections 
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which are missing polarities from the first 
version of the CLD.
Feedback loops are briefly presented (with 
an example from the diagram) and 
participants are encouraged to identify any 
other ones they can see.
The facilitator (Josh) gives 30 minutes to 
write and display comments. With 5 
minutes to spare, the facilitator instructs 
participants to place their remaining 
comments.
When the time has elapsed, the facilitator 
(Josh) thanks the group for their 
participation. Diagrams are retained for 
later use.
11:50am 1:20pm 30mins Live Model 
Update
The facilitator (Josh) reflects the work that 
the participants have just completed on the 
model. 
Participants are informed that they now 
have around 30 minutes to discuss their 
most important changes, as a way of 
beginning the second round of model 
development.
The facilitator guides participants in a 
round-robin discussion, probing the group 
for clarifications, and detailed discussion of 
the changes being suggested.
Throughout the discussion, the modeler 
(Andrew) is updating the current version of 
the map, which is being projected on a 
screen in real-time, to reflect the 
participants commentary.
12:20pm 1:50pm 10mins Closing The closer (Josh) thanks participants for 
their time, invites them to stay after if they 
have more questions, and reminds 
participants that the map will now be 
revised into a final version, which will be 
sent back to them in their school or 
organization.
12:30pm 2:00pm n/a Close session
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Scripts
Group model building sessions typically consist of a sequence of small group activities or “scripts”. 
These scripts describe the essential components of an exercise along with the inputs from other 
exercises needed to do the script and the outputs produced from the script. There are scripts for 
working directly with participants (“online” scripts) as well as scripts for the facilitation team before 
and after a group model building session (“offline” scripts). Additional information about scripts can 
be found in the latest version of Scriptapedia, available on request from the Social System Design Lab 
at Washington University in St. Louis.
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Introduction to GMB session
Description This script is used to introduce people and set the stage for a GMB session.
Context At the very beginning of a GMB session as participants are starting to get
settled and the team wants to begin the session
Purpose To introduce the GMB session, team members, participants, and stage the
activities for the GMB session
Primary Nature of
group task
Convergent
Time Preparation: None
Session: 10-20 minutes, depending on number of participants and
complexity of session being reviewed
Follow-up: None
Materials 1. Agenda of session for participants
Inputs None
Outputs None
Roles x Meeting opener with status among the participants who can start the
session
People in the room x Modeling team
x Participants
Steps 1. The opener announces the start of the session.
x Welcome the participants and thank them for attending.
x If the session is taking place in unfamiliar room, inform participants
of the location of restrooms, exits, etc.
2. The opener begins the introductions:
x Introduce yourself, and then say that there are more members of the
modeling team in the room, and before we get to the participants,
we want to let you know who we are.
x Each team member introduces themself and describes their role.
x The facilitator then asks participants to introduce themselves, their
organization, and how they are connected to this group today.
x The facilitator then describes the plan for the modeling session,
when breaks will be, and asks if all participants are ready to begin.
Evaluation criteria x Participants feel oriented to session activities
Author(s) Unknown
History Originally documented by Timothy Hower (thower@wustl.edu ), Krista Rux
(krux@wustl.edu) and Peter Hovmand (phovmand@wustl.edu ) for the
Federal Reserve Bank Project, September 21, 2011.
Revisions None
References None
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Graphs over time (Prioritized version)
Description Participants produce sketches of key variables over time, which are
clustered by the modeling team
Context At the beginning of a group model building workshop when the group has
not develop a dynamic perspective of the problem or the variables involved
Purpose To frame the problem from a dynamic perspective and elicit variables that
could be used to decide on the reference mode for the project
Primary nature of
group task
Divergent
Time Preparation: 10 minutes
Session: 30 minutes
Follow-up: none
Materials 1. Stacks of A5 coloured paper with axes drawn on them
2. Large blank wall/white board
3. Permanent markers
4. Blu Tack
5. Laptop with Vensim
Inputs None
Outputs Candidate variables for the dynamic model or causal map
Roles x Facilitator to work with the group with some experience with SD
x Wall builder to cluster graphs and talk about themes with little or no
experience in SD
x Recorder to document the session and photograph the clustered graphs
People in the room x Participants
x All members of the core modeling team
Steps 1. The facilitator explains the purpose of the session, and begins by
giving an example of how to draw a behavior over time graph, using
a pre-filled PowerPoint slide.
2. The facilitator then asks participants to work individually to draw
one variable over time per piece of paper. The participants should be
given the option of including hoped for behavior, expected behavior,
and feared behavior on the same graph.
3. The facilitator and wall builder walk around and help participants
with the task if they need it. Allow 10 minutes or until the group
runs out of steam to complete the task.
4. Reconvene as large group.
The facilitator instructs subgroups to form groups of three, and
share their graphs with each other and choose the ones they think
are most important, prioritizing the graphs they have drawn, with
the most important ones at the top of the pile – participants have 5
additional minutes for this task
5. Reconvene again as large group.
The facilitator then goes to each subgroup and holds the first graph
they have selected up in front of entire group. The subgroup
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spokesperson talks about the graph. Ask subgroups to share the “best 
stuff” first. Clarify timescale, variable names, etc.
6. The facilitator then hands the graph to the wall builder.
7. The facilitator repeats steps 5 and 6 with each participant or
subgroup, taking one graph at a time until a satisfactory number of
graphs have been shown. Finish by asking if any participant has
something else that really ought to be shown.
8. During steps 5-6, each graph is posted on the wall. The wall builder
tries to cluster the graphs meaningfully on the fly, based on themes
and variables.
9. As the variables are being clustered on the wall, the modeller is
entering the variable names in Vensim (on the computer only, not
yet projecting) and arranging the prioritized variables into a
connection circle for the next script.
10. Once a list of 15-20 variables has been completed, the facilitator
asks the wall builder to explain the clusters of graphs on the wall.
Evaluation criteria x Interesting, self-sustaining group discussion after clusters described
by the wall builder
x Meaningful clusters are possible to see
x Graphs tend to converge to a clear dynamic problem
x Some key dynamic variables emerge from reflecting on the graphs
and clusters
x Modeling team can begin to see key stocks and perhaps important
feedback loops
x Members of the group appear to have better understandings of the
issues of interest to other members
Authors George P. Richardson and David F. Andersen
History Originally documented by George Richardson, David Andersen, Peter 
Hovmand, Timothy Hower and Annaliese Calhoun in February 2010
Revisions Tailored to the March 5, 2014 GMB demonstration session for S65-5050
course
References Andersen, D. F., & Richardson, G. P. (1997). Scripts for group model 
building. System Dynamics Review, 13(2), 107-129.
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Connection Circles
Description Connection circles help groups visualize important variables and
connections between them.
Context Social systems have many variables and connections relating them. Seeing
all the connections is challenging and we can quickly feel overwhelmed by
the complexity of a system. To address this limitation, we need visual tools
that can help us see and talk about the connections in a system.
Purpose x To make explicit important variables and connections between variables
x Eliciting important variables
x Eliciting linkages
Primary nature of
group task
x Divergent: Groups may come up with different connections between
variables by generating a variety of variables and interpretations
Time Preparation: 5 minutes (pre-workshop, setting up Vensim projector)
Session: 40 minutes
Follow up: 60+ minutes, depending on exercise output
Materials x Overhead data projector & screen
x Computers running Vensim, connected to projector and a network for
backup
Inputs x Variables from prior work (in this case, from the Graphs over time
script) typed in Vensim on the side of a large circle.
Outputs x Connection Circle
Roles x Modeler with some experience on Vensim
x Facilitator with experience facilitating groups and some experience with
building models in Vensim
x Recorder trained to take recorder notes during a meeting
People in room x Participants
x Modeling team
Steps 1. The facilitator is at the front of the room. The modeler is sitting with a
laptop connected to the data projector at the side of the room. The
recorder is seated on the periphery of the participant group where all
members are audible.
2. The facilitator introduces the exercise:
x The goal of our exercise is to identify the variables and
connections between variables that are important in the
system affecting adolescent diet and physical activity in your
community.
x A connection circle is a visual tool that can help us see the
connections in a system.
3. The modeler projects the connection circle with variables arranged in
circle on the screen. The facilitator introduces the variables as those
from the Graphs Over Time activity, noting that participants are free to
add variables that are not on the screen, but are important to
understanding the system.
4. The facilitator opens the exercise by stating:
x We are going to proceed in round-robin fashion around the
group. Please pick two variables from this list or of your
own choosing, then describe how the first influences the
second. The modeler creates a Vensim drawing of what the
facilitator is describing, simultaneously, for the participants
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to see. The facilitator uses language of both direction and
polarity.
5. The facilitator then prompts the group by asking:
x What are some connections that you can see between any
two variables on the screen?
x Once a participant nominates connection between two or
more variables the community facilitator needs to be sure
the variable definitions and nature of the causal
connection is clear. Consider prompting the participant to
share how they are thinking about the variables.
6. The facilitator alternate eliciting linkages and variables from
participants.
7. As participants nominate linkages, the modeler selects the variables
and draws the linkage on the screen. As the number of variables
chosen grows, the modeler should expand and rearrange the circle as
needed, being aware of positioning the variables such that they are not
always physically adjacent.  Once one complete round or
approximately ten connections are made, the facilitator says:
x We have a good start and a number of connections, so we
don’t need to continue to go around in order. Feel free to
continue to suggest connections about these or additional
variables that you think are important.
8. The facilitator provides a 5 minute warning to the group as the session
approaches a close. The facilitator indicates when there is
approximately one minute left to elicit any final input.
Evaluation criteria x Each participant engages in discussing linkages and variables
x A connection circle with multiple feedback loops is created
x Participants recognize there is a complex system surrounding
adolescent physical activity and nutrition in their community.
x Participants enthusiastic about modeling process
Author(s) Unknown
History of Script Utilized in Rise Sisters Rise project July 2011
Revisions May 22, 2012 Revised by Alison Kraus and Peter Hovmand for
Washington University TREC 4 GMB session
Modified in June 2012 by the TREC4 Core Modeling Team
References None
Notes None
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Community Feedback on GMB Model (with feedback loops)
Context After a causal-loop diagram or stock-flow map has been developed
Purpose To give participants time to familiarize themselves with model or diagram
that has been revised offline since the last workshop.
(Rapid Session version not intended for work which will lead to further
revision of the map)
Primary nature of
group task
Divergent
Time Preparation: Very large representation(s) of a current version of the
model/diagram (printed or drawn) taped/affixed to walls or windows
Session: 30 minutes
Follow up: 60 minutes (post session) to incorporate participant feedback
into model.
Materials x Very large poster-size representation of model/diagram (printed or drawn)
x High quality sticky notes (high-stick)
x Several dark felt tip pens (one for each participant)
Inputs Causal loop diagram or stock and flow diagram currently being developed
in GMB project
Outputs Causal-loop diagram or stock-flow map with stakeholders’ anonymous
comments on post-its (good = ticked; concern = crossed; neutral = dashed)
attached at the relevant place on the diagram/model; digital photographs of
map/model with post-it comments
Roles x Facilitator to introduce the representation to the large group and
introduce the guidelines for the activity
People needed in
the room
x Participants
Steps 1. Based on group size, decide on how many small groups and
representations are required to have made before the script begins.
An ideal group size is approximately 3 participants per large
representation.
2. The facilitator at the front of the room explains the overall purpose
of the exercise (to gain feedback from the larger community on an
interim model, having already provided a brief overview of
question/focusing problem, process-to-date, and the model to the
large group). Previously, the participants have been given the
information required to have a useful interaction with the
representation (i.e., descriptions/examples of polarity,
directionality, feedback loops, etc.).  Any of this information is
also displayed for participants throughout the activity.
3. The facilitator then sets up what the participants will be doing in
the activity, inviting them to use sticky notes to provide different
types of feedback on parts of the current version of the model.
Comments may be positive (things they like/agree with/see as high
value), negative (things that are erroneous/need adjustment/missing
from the model) or general comments (new thoughts/things to
investigate further/other). The same sticky notes are used for any
kind of comment, but participants are to draw a tick in the top right
corner for positive comments, a cross in the top right for concerns,
and a dash for general comments. Participants write a brief
comments explaining their like/concern/comment using felt tip
pens on the sticky notes and place them on the part of the model
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the note pertains to.
4. At the same time – the facilitator invites participants to add any
new causal linkages to the model which they identify throughout
the task of reviewing the model.
5. As a final task – the facilitator introduces the group to the concept
of feedback loops. They are described as an interesting source of
information from the maps (amount of detail depends on available
time for activity), and an example from the map is given to
illustrate the point. Participants are invited to locate any feedback
loops which they spot during the 30 minutes.
6. The facilitator gives 30 minutes to the group to write and display
their comments, and locate feedback loops. Any available
facilitators can act as “floaters” to respond to participants’
questions.
7. Participants spend time with the representation, making and
placing comments. With 5 minutes to spare, the facilitator asks
the participants to write and place their remaining comments and
questions.
8. The facilitator thanks participants for their participation, and runs
through a quick debrief of the exercise based on some seed
questions
a. How did you find the exercise? What were your general
reactions?
b. What did you feel were some good aspects of the model –
what did you place green sticky notes on?
c. What did you feel were some areas that needed to be
changed – what did you place red sticky notes on?
Evaluation criteria Feedback received from the community on the current version of the 
model
Participants feeling they have made a contribution to current and
future steps towards a shared understanding of a problem
Author(s) Jill Kuhlberg & Don Greer & Laura Black
History Adapted for use with an interim CLD in GSC Portland Childhood
Obesity GMB Community Session: July 17, 2014
Revisions
References
Notes
HAL Maps GMB Manual V3 (04/11/15)
Live Model Update
Description Participants are involved in a round-table discussion of the current version of 
the model, and updates are made in real-time
Context For the purpose of updating a model from a prior workshop, in the current 
workshop, to reflect new understandings generated during the session
Purpose To create a revised CLD
Primary nature of
group task
Convergent
Time Preparation: Nil
Follow up: 30-40 minutes
Materials x Vensim file of existing model version
x Projector and screen
Inputs • Previous CLD file to be updated
• Participants comments attached to hard-copy version of the CLD
from previous activity (Community feedback on model)
Outputs • Revised CLD to be developed further offline
Roles x Facilitator to lead the discussion around what
needs to be added/changed/removed from the CLD
x Modeler with experience in Vensim to update the model in real time
x Note takers to capture the discussion
People needed in
the room
x Participants
x Facilitation team
Steps 1. The Facilitator opens the session by reflecting that participants have
just spent a block of time getting to know the most recent version of
the CLD, and commenting on it, providing reactions to what is good
in the model, what is interesting about the model, and what needs
improvement.
2. The Facilitator instructs participants that they will now have a
chance to have some of those changes made in real-time, to begin
the process of revising the map for the next session.
3. The Facilitator outlines the task as being a round-robin type
discussion, whereby the small groups who worked together on the
model feedback task will have a chance to suggest their most
important change to the model, whether it be an addition of new
material, removal of old material, or alteration of existing material.
Although groups will take it in turns to describe their desired
changes to the model, discussion of the changes is encouraged
between groups if other participants have something to add to the
discussion. Note takers capture the discussion as best they can
throughout the session.
4. As the facilitator is eliciting new information from groups, and
guiding the discussion in the room, the modeler captures the changes
in Vensim, which is being projected on the screen in real time
5. (OPTIONAL) – if the modelling team have any “dead buffalos” or
variables which require specific attention, 5-10 minutes may be
reserved to specifically query the participants on these points, if they
do not naturally arise throughout the course of the activity.
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6. With 5 minutes to go, the facilitator alerts the room that we are
almost out of time, and that we can take two or three quick last-
minute changes before the model is taken away to be revised for the
next workshop.
Evaluation criteria • Participants see their input incorporated into the model
• Participants retain ownership of an evolving model
• New data is obtained which can be used to further progress the
model
Author(s) Written by Josh Hayward and Steven Allender (Deakin University, 
WHOCC for Obesity Prevention)
History Designed for the Barwon Medicare Local and Vic Pol workshops 
(May-June 2015)
Revisions Nil
References Nil
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GE13/0009 Project# 1909
5 June 2013
Prof S Allender
WHO Collaborating Centre for Obesity Prevention
Deakin University
Locked Bag 20001
GEELONG VIC 3220
Dear Professor Allender
I am writing with regard to your research application received on 22 May 2013 concerning 
your forthcoming project titled ‘Healthy Together Children’s Evaluation’. You have asked 
approval to involve Catholic schools in the Archdiocese of Melbourne, as you wish to 
involve students and teachers. 
I am pleased to advise that your research proposal is approved in principle subject to the 
eight standard conditions outlined below.
1. The decision as to whether or not research can proceed in a school rests with the
school's principal, so you will need to obtain approval directly from the principal of the
school that you wish to involve.
2. You should provide the principal with an outline of your research proposal and indicate
what will be asked of the school.  A copy of this letter of approval, and a copy of
notification of approval from the organisations/university's Ethics Committee, should
also be provided. As advised, your project is currently under consideration by the
university’s ethics committee.
3. A Working with Children (WWC) check – or registration with the Victorian Institute of
Teaching (VIT) – is necessary for all researchers visiting schools.  Appropriate
documentation must be shown to the principal before starting the research in the
school.
4. No student is to participate in the research study unless s/he is willing to do so and
informed consent is given in writing by a parent/guardian.
James Goold House, 228 Victoria Parade, East Melbourne VIC 3002 Tel: (+61 3) 9267 0228 Fax: (+61 3) 9415 9325 
Correspondence: PO Box 3, East Melbourne VIC 8002 Email: director@ceomelb.catholic.edu.au www.ceomelb.catholic.edu.au 
ABN 85 176 448 204  
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Plain Language Statement & Consent Form to Participants, DU-HREC 2013-095 
PLAIN LANGUAGE STATEMENT AND OPT-OUT CONSENT FORM 
TO:  Parent/Guardian 
Plain Language Statement 
Date: July, 2014 
Full Project Title:  Healthy Together Children’s Evaluation 
Principal Researchers: Professor Steven Allender, Dr Claudia Strugnell & Dr Lynne Millar 
Purpose and Background 
The purpose of this study is to examine if healthy weight and related behaviours (physical activity, 
sedentary behaviour, diet quality, quality of life and aspects of mental health) among children and 
adolescents have changed in recent years.   All students in Year 4 & 6 OR Year 8 & 10 at your 
child’s school are being invited to participate.  All activities will be conducted throughout a normal 
school day, in school-time. 
This letter outlines the intended study and includes an OPT-OUT consent form should you and or 
your child decide NOT TO participate.  We ask that you please read this information carefully, so 
that you can make an informed decision about your child’s participation.    We are using an OPT-
OUT consent process whereby your child’s participation in this study is assumed unless you 
indicate via the return of the signed OPT-OUT consent form that you do not wish for your child to 
participate. 
Methods 
If you and your child agree to participate we would like your child to complete the following 
activities:  a) Complete a series of questionnaires (detailed below); and b) Have their height, 
weight and waist circumference measured. Some students will be asked to wear a match-box sized 
activity monitor (accelerometer) during waking hours for 7-days.  These activities are not harmful; 
however, they may produce some minor discomfort.  Results of this study will provide 
information about effectiveness of current efforts to improve the health of Victorian children 
and adolescents. This information will be used by educators, policy makers and researchers in 
future efforts to improve the health of Victorian children and adolescents. 
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Procedure 
If you and your child agree to participate in this study, they will be asked to complete the following 
activities: 
1. Complete a brief physical activity, sedentary behaviour, food intake and quality of life
questionnaire which will take approximately 35 minutes to complete in class-time.  This
questionnaire will ask the amount of time your child engaged in physical activity and
sedentary behaviour (television, computer use, video games etc.) in the previous 7-days (e.g.
“How many minutes of hard physical activity did you do in the last 7-days?”.  As well as their
intake of fruit and vegetables (e.g. “How many serves of vegetables do you usually eat each
day”) and perceived levels of physical, social, emotional and school functioning (e.g. “It is hard
for me to walk more than one block”),
2. Year 8 and 10 students (only) will be invited to complete a short moods and feelings
questionnaire which will take approximately 5 minutes to complete.  This questionnaire asks
students to indicate how they have felt or have acted in the previous two weeks (e.g. Please
indicate if a statement was True, Sometimes true or Not true about how you have felt or
acted in the past two weeks, “I felt lonely”, “I didn’t enjoy anything at all” etc.).
3. Have their height, weight and waist circumference measured by trained researchers in a
private and professional manner (5 minutes).
4. In addition, some children in the study will be asked to wear a match box sized activity
monitor (accelerometer) on their right hip during waking hours for 7-days.
NB: Measurements will be taken in school hours in a sensitive, culturally appropriate and 
respectful manner.  We will take special precautions when collecting physical information from 
your child to ensure that these are collected in a private area that is screened away from other 
participants to eliminate potential distress or discomfort.  An employed teacher at your child’s 
school will oversee the measurements and supervise the students at all times. All measurements 
will be taken by trained data collectors who have undergone training at Deakin University 
regarding data collection techniques, student sensitivity and welfare concerns and techniques to 
minimise discomfort and distress.  All data collectors will hold a current Working with Children 
Check.  Your child’s verbal consent will also be sought to participate in this study on testing days 
and should your child wish to withdraw at any time during data collection, they may without any 
consequence.   
Possible Benefits 
We cannot guarantee or promise that you or your child will receive any benefits from this project. 
However, this study may have broad community benefits as it will examine changes in healthy 
weight among school children across many regions of Victoria.  The above measurements will be 
taken from Victorian school children annually in 2013, 2014 and 2015 and will provide a detailed 
snap shot of changes in healthy weight and related behaviors. 
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Possible Risks 
There are no known risks associated with this project but should any discomfort be experienced at 
any time during the height, weight or waist circumference measurements or questionnaire 
completion, your child should stop the activity and alert the researcher immediately.  At any time-
point your child can stop involvement in the study and they are free to do so without any 
consequence.  Should your child experience discomfort after these activities have been 
completed, please contact Kids Helpline on 1800 551 800.  This is a free, confidential and 
anonymous counselling service for young people who will assist your child with any troubles.  This 
study is for the purposes of the research and those administering the questionnaires will not be 
health professionals.  As such, it is not appropriate to actively refer students for help on the basis 
of their scores.  However, students are encouraged to seek support from their school counsellor 
and/or GP if they experience emotional discomfort. 
Privacy, Confidentiality and Disclosure of Information 
Any information obtained in connection with this research that can identify your child will remain 
confidential.  All information provided will be used for the research purposes only, it will be 
collected and kept in confidence and will not be released to anyone outside the study team.  It will 
be kept in locked facilities at Deakin University in accordance with the government guidelines.  
Consent forms will be stored separately to the data collected and data will be disposed of after a 
minimum period of 7 years from last publication.  Only members of the study team will have 
access to the data/records and the computer records will be password protected. In any 
publication, presentation or discussion the information will be provided in such a way that your 
child cannot be identified. 
Funding and support 
This research is being supported by the Australian National Heart Foundation, the National Health 
and Medical Research Council, Deakin University, the Centre of Excellence in Intervention and 
Prevention Science and the Victorian Department of Health. 
Participation in voluntary 
Participation in this research is voluntary. If you and/or your child do not wish to take part you are 
not obliged. If you decide to take part and later change your mind, you are free to withdraw from 
this study at any stage until the data are processed. Any information obtained to date will not be 
used and will be destroyed. Your decision whether to take part or not, or to take part and then 
withdraw, will not affect your relationship with Deakin University or any other government 
departments. 
Before you make your decision, a member of the research team will be available to answer any 
questions you have about the research. You can ask for any information you want.  If you do 
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decide to withdraw from this research, please notify a member of the research team or complete 
and return the Revocation of Consent Form attached and send it to Claudia Strugnell at the 
address provided below. 
Ethical Guidelines 
This research will be carried out in accordance with the National Statement on Ethical Conduct in 
Human Research 2007 – Updated 2009 which is produced by the National Health and Medical 
Research Council of Australia.  This statement has been developed to protect the interests of 
people who agree to participate in human research studies.  The ethical aspects of this research 
have been approved by Deakin University’s Human Research Ethics Committee (DU-HREC). 
Further Information 
If you require further information or have any problems or concerns regarding this research, you 
can contact Dr Claudia Strugnell 
Dr Claudia Strugnell 
Research Fellow, World Health Organization Collaborating Centre for Obesity 
Prevention, Deakin Population Strategic Research Centre 
Geelong Waterfront Campus, Deakin University 
Locked Bag 20000, 
Geelong Vic, 3220 
PH: (03) 5227 8483 
Complaints 
If you have any complaints about any aspect of the project, the way it is being conducted or any 
questions about your rights as a research participant, then you may contact:   
The Manager, Research Integrity, Deakin University, 221 Burwood Highway, Burwood Victoria 
3125, Telephone: 9251 7129, research-ethics@deakin.edu.au 
Please quote project number [DU-HREC 2013-095]. 
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PLAIN LANGUAGE STATEMENT AND OPT-OUT 
CONSENT FORM 
TO:  Parent/Guardian 
PLEASE ONLY SIGN THIS FORM IF YOU DO NOT WISH FOR YOUR CHILD TO PARTICIPATE IN THIS 
STUDY, this study is using an OPT-OUT consent process.  Your child’s participation will be assumed 
unless your return the signed OPT-OUT consent form to your school. 
OPT-OUT Consent Form 
Date: July, 2014 
Full Project Title:  Healthy Together Children’s Evaluation 
Reference Number: [DU-HREC 2013-095]. 
I (parent/guardian) of _________________________________ (child’s name) have read and 
understood the attached Plain Language Statement. 
I wish to OPT-OUT my child’s participation in this research according to the conditions in the Plain 
Language Statement.  
I have been given a copy of the Plain Language Statement to keep. 
The researcher has agreed not to reveal my identity and personal details that relate to my child, 
including where information about this research is published, or presented in any public form.  I 
understand that by signing this form that my child will not be involved in this study.  
Parent/Guardian Name (printed) …………………………………………………………………… 
Signature ……………………………………………………… Date  ………………………… 
Child’s gender Male Female
Child’s date of birth: ____ / ____ / ____ (dd/mm/year)  Child’s school: ___________________________
Plain Language Statement & Consent Form to Participants, DU-HREC 2013-095 
Plain Language Statement & Consent Form to Participants, DU-HREC 2013-095 
PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
TO:  Parent/Guardian 
Withdrawal of Consent Form 
(To be used for participants who wish to withdraw from the project) 
Date: July, 2014 
Full Project Title:  Healthy Together Children’s Evaluation 
Reference Number: [DU-HREC 2013-095]. 
I hereby wish to WITHDRAW my consent for my child to participate in the above research project 
and understand that such withdrawal WILL NOT jeopardise my relationship with Deakin University 
or any associated party. 
Parent/Guardian Name (printed) ……………………………………………………. 
Child’s Name (printed) ............................................................... 
Child’s School (printed) …………………………………………………………………………………. 
Signature ………………………………………………………………. Date …………………… 
Please mail this form to: 
Dr Claudia Strugnell 
Research Fellow, World Health Organization Collaborating Centre for Obesity Prevention, Deakin 
Population Strategic Research Centre 
Geelong Waterfront Campus 
Deakin University 
Locked Bag 20000, 
Geelong Vic, 3220 
PH: (03) 5227 8483 
Memo 
To: Mr Joshua Hayward, Prof Steven Allender, Dr Claudia Strugnell, Dr Lynne Millar, 
Mr Brynle Owen 
Population Health SRC 
From: Secretary – HEAG-H 
Faculty of Health 
CC: 
Date: 12 December 2014 
Re: HEAG-H 189_2014: HAL Maps – Healthy Adolescent Lifestyle Maps GMB 
Project 
Approval has been given for Mr. Joshua Hayward, Prof Steven Allender, Dr Claudia Strugnell, Dr 
Lynne Millar and Mr. Brynle Owen, Population Health to undertake this project for a period of 3 
years from 12th December, 2014. The current end date for this project is 12th December, 2017. 
The approval given by the Deakin University HEAG - H is given only for the project and for the period 
as stated in the approval.  It is your responsibility to contact the Secretary immediately should any of 
the following occur: 
x Serious or unexpected adverse effects on the participants
x Any proposed changes in the protocol, including extensions of time
x Any events which might affect the continuing ethical acceptability of the project
x The project is discontinued before the expected date of completion
x Modifications that have been requested by other Human Research Ethics Committees
In addition you will be required to report on the progress of your project at least once every year 
and at the conclusion of the project.   Failure to report as required will result in suspension of your 
approval to proceed with the project. 
An Annual Project Report Form can be found at:  
http://www.deakin.edu.au/hmnbs/research/ethics/ethicssubmissionprocess.php 
This should be completed and returned to the Administrative Officer to the HEAG-H, Pro-Vice 
Chancellor’s office, Faculty of Health, Burwood campus by Tuesday 17th November, 2015 and when 
the project is completed.  HEAG-H may need to audit this project as part of the requirements for 
monitoring set out in the National Statement on Ethical Conduct in Human Research (2007).   
Good luck with the project! 
CRICOS Provider Code: 00113B 
 Human Ethics Advisory Group, Faculty of Health,  
Melbourne Burwood Campus, 221 Burwood Highway, Burwood, VIC 3125 
Tel 03 9251 7174,  email health-ethics@deakin.edu.au  www.deakin.edu.au 
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GE15/0009  Project # 2124
10 August 2015
Mr Joshua Hayward,
WHO Collaborating Centre for Obesity Prevention, 
Deakin University
Locked Bag 2001
Geelong.   VIC.   3220
Dear Mr Hayward
I am writing with regard to your research application received on 17 July 2015 concerning 
your forthcoming project titled HAL Maps: Health Adolescent Lifestyle Maps GMB Project.
You have asked approval to approach Catholic schools in the Archdiocese of Melbourne, 
as you wish to involve teachers & students. 
I am pleased to advise that your research proposal is approved in principle subject to the 
eight standard conditions outlined below.
1. The decision as to whether or not research can proceed in a school rests with the
school's principal, so you will need to obtain approval directly from the principal of the
school that you wish to involve. You should provide the principal with an outline of your
research proposal and indicate what will be asked of the school. A copy of this letter of
approval, and a copy of notification of approval from the organisation’s/university's
Ethics Committee, should also be provided.
2. A copy of the approval notification from your institution’s Ethics Committee must be
forwarded to this Office, together with any modifications to your research protocol
requested by the Committee. You may not start any research in Catholic Schools until
this step has been completed.
3. A Working with Children (WWC) check – or registration with the Victorian Institute of
Teaching (VIT) – is necessary for all researchers visiting schools. Appropriate
documentation must be shown to the principal before starting the research in the
school.
4. No student is to participate in the research study unless s/he is willing to do so and
informed consent is given in writing by a parent/guardian.
James Goold House, 228 Victoria Parade, East Melbourne VIC 3002 Tel: (+61 3) 9267 0228 Fax: (+61 3) 9415 9325 
Correspondence: PO Box 3, East Melbourne VIC 8002 Email: director@ceomelb.catholic.edu.au www.ceomelb.catholic.edu.au 
ABN 85 176 448 204  
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Plain Language Statement & Consent Form to Participants, HEAG-H 189_2014 
PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
TO:  LGA Participant 
Plain Language Statement 
Date: 05/10/2015  
Full Project Title:  HAL Maps – Healthy Adolescent Lifestyle Maps GMB Project   
Principal Researchers: Mr Joshua Hayward, Professor Steven Allender, Dr Claudia 
Strugnell, Dr Lynne Millar & Mr Brynle Owen.  
Purpose 
We would like to find out more about the factors that could contribute to healthy 
physical activity and nutrition among adolescents in your community.  We are 
inviting approximately 20 stakeholders, people who have a good understanding of 
the community, from all sectors to help explain what drives the physical activity and 
nutrition patterns of adolescents in your area.  
This letter outlines the intended research study and includes a consent form should 
you agree to participate.  We ask that you please read this information carefully, so 
that you can make an informed decision about participation.  
Methods 
If you agree to participate in this study we would like you to attend 90-minute 
workshop on Tuesday 20th of October, from 11:00am until 12:30pm at the Western 
Beach Room at Deakin University Waterfront Campus (Building AD, Level 6, Deakin 
University Waterfront Campus, 1 Gheringhap Street, Geelong). In this workshop, you 
will develop a picture of the things that drive healthy physical activity and nutrition 
patterns for adolescents in your region.  After the completion of the initial workshop, 
you will be invited to a second 90-minute workshop to provide a second round of 
input to finalise the picture.  
At no time point will you be asked to discuss personal information.  You will be 
bringing your knowledge and experience to the workshops as a valued member of 
the community.  
Possible Benefits 
The purpose of the initial workshop is to develop a picture of the things that drive 
healthy physical activity and nutrition patterns for adolescents in your region.  This 
information is critical in being able to examine what affect initiatives in your 
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community are having on physical activity and nutrition among adolescents. In 
addition, the data and knowledge derived from this research will be able to highlight 
future areas for action in your community as well as things that are being done well. 
Possible Risks  
This research is very low risk.  However, should you feel uncomfortable at any point; 
you may withdraw participation without any consequences.  
Participation is Voluntary 
Participation in this research is voluntary and no reimbursements or incentives 
(financial or other) will be offered to participants.  
Privacy, Confidentiality and Disclosure of Information  
At no time-point will you be asked to discuss personal information.  All information 
collected in the workshops will be anonymous and you will not be identified or 
identifiable in any report or publication arising from this session.  The nature of the 
focus group requires participants to think at a community level (e.g. where people 
live, work and play) thus avoiding the need to discuss any personal information or 
stories.   
Funding 
This research is being by the school of Health and Social Development, and the 
Population Health Strategic Research Centre at Deakin University.  
Results of the research 
Information/data arising from this research will be stored in confidence and will not 
be released to anyone outside the study team.  The information will be kept in locked 
facilities in accordance with government guidelines.  The consent forms will be 
stored separately to the data collected and data will be disposed of after a minimum 
period of 7 years.   The information and data arising from the stakeholder workshops 
will be used to develop and monitor changes to the healthy weight system in your 
community.  We plan to share and discuss the results with government departments, 
policy makers and publish the results in peer-reviewed journals and present the 
findings at relevant conferences and meetings.  In any publication, presentation or 
discussion the information will be provided in such a way that no individual can be 
identified.    
Ethical Guidelines 
This research will be carried out in accordance with the National Statement on  
Ethical Conduct in Human Research 2007 – Updated 2009 which is produced by the 
National Health and Medical Research Council of Australia.  This statement has been 
developed to protect the interests of people who agree to participate in human 
research studies.  The ethical aspects of this research have been approved by the  
Faculty of Health’s Human Research Ethics Advisory Group (HEAG), Deakin University. 
Plain Language Statement & Consent Form to Participants, HEAG-H 189_2014 
Further Information  
If you require further information or have any problems or concerns regarding this 
research, you can contact Joshua Hayward.  
Mr Joshua Hayward  
PhD Candidate, World Health Organization Collaborating Centre for Obesity 
Prevention, Deakin Population Strategic Research Centre  
Geelong Waterfront Campus, Deakin University 
Locked Bag 20000,  
Geelong Vic, 3220  
PH: (03) 5227 8305  
Complaints  
If you have any complaints about any aspect of the project, the way it is being 
conducted or any questions about your rights as a research participant, then you may 
contact:    
The Manager, Research Integrity, Deakin University, 221 Burwood Highway, Burwood 
Victoria 3125, Telephone: 9251 7129, research-ethics@deakin.edu.au  
Please quote project number [HEAG-H 189_2014]. 
Plain Language Statement & Consent Form to Participants, HEAG-H 189_2014 
 PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
TO: LGA Participant 
Consent Form 
Date: 05/10/2015  
Full Project Title:  HAL Maps – Healthy Adolescent Lifestyle Maps GMB Project Reference 
Number: [HEAG-H 189_2014].  
I have read and I understand the attached Plain Language Statement. 
I freely agree to participate in this project according to the conditions in the Plain Language 
Statement.   
I have been given a copy of the Plain Language Statement and Consent Form to keep. 
The researcher has agreed not to reveal my identity and personal details, including where 
information about this project is published, or presented in any public form.    
Participant’s Name (printed) …………………………………………………………………… 
Signature ……………………………………………………… Date  ………………………… 
Plain Language Statement & Consent Form to Participants, HEAG-H 189_2014 
PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
TO:  LGA Participant 
Withdrawal of Consent Form 
(To be used for participants who wish to withdraw from the project) 
Date: 05/10/2015  
Full Project Title:  HAL Maps – Healthy Adolescent Lifestyle Maps GMB Project Reference 
Number: [HEAG-H 189_2014].  
I hereby wish to WITHDRAW my consent to participate in the above research project and 
understand that such withdrawal WILL NOT jeopardise my relationship with Deakin 
University or any associated party.  
Participant’s Name (printed) ……………………………………………………. 
Signature ………………………………………………………………. Date …………………… 
Please mail this form to: 
Mr Joshua Hayward  
World Health Organization Collaborating Centre for Obesity Prevention, Deakin Population 
Strategic Research Centre  
Geelong Waterfront Campus 
Deakin University  
Locked Bag 20000,  
Geelong Vic, 3220  
PH: (03) 5227 8305  
Plain Language Statement & Consent Form to Participants, HEAG-H 189_2014 
PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
TO:  Student 
Plain Language Statement 
Date: 05/10/2015 
Full Project Title:  HAL Maps – Healthy Adolescent Lifestyle Maps GMB Project   
Principal Researchers: Mr Joshua Hayward, Professor Steven Allender, Dr Claudia 
Strugnell, Dr Lynne Millar & Mr Brynle Owen.  
Purpose 
We would like to find out more about the factors that could contribute to healthy 
physical activity and dietary intake among adolescents in your community.  We are 
inviting approximately 20 stakeholders, people who have a good understanding of 
the community, from all sectors to help explain what drives the physical activity and 
nutrition patterns of adolescents in your area.  
This letter outlines the intended research study and includes a consent form should 
you agree to participate.  We ask that you please read this information carefully, so 
that you can make an informed decision about participation.  
Methods 
If you agree to participate in this study we would like you to attend a 90-minute 
workshop, accompanied by a member of the teaching staff from your school who will 
also be participating, on Tuesday 20th of October, from 11:00am until 12:30pm at the 
Western Beach Room at Deakin University Waterfront Campus (Building AD, Level 6, 
Deakin University Waterfront Campus, 1 Gheringhap Street, Geelong). In this 
workshop, you will develop a picture of the things that drive healthy physical activity 
and nutrition patterns for adolescents in your region. After the completion of the 
initial workshop, you will be invited to a second 90-minute workshop (again, along 
with a teacher from your school) to provide a second round of input to finalise the 
picture.  
At no time point will you be asked to discuss personal information.  You will be 
bringing your knowledge and experience to the workshops as a valued member of 
the community.  
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Possible Benefits 
The purpose of the initial workshop is to develop a picture of the things that drive 
healthy eating and physical activity for adolescents in your region.  This information is 
critical in being able to examine what effect initiatives in your community are having 
on physical activity and nutrition among adolescents. In addition, the data and 
knowledge derived from this research will be able to highlight future areas for action 
in your community as well as things that are being done well.  
Possible Risks 
This research is very low risk.  However, should you feel uncomfortable at any point; 
you may withdraw participation without any consequences.  
Participation is Voluntary 
Participation in this research is voluntary and no reimbursements or incentives 
(financial or other) will be offered to participants.  
Privacy, Confidentiality and Disclosure of Information  
At no time-point will you be asked to discuss personal information.  All information 
collected in the workshops will be anonymous and you will not be identified or 
identifiable in any report or publication arising from this session.  The nature of the 
focus group requires participants to think at a community level (e.g. where people 
live, work and play) thus avoiding the need to discuss any personal information or 
stories.   
Funding 
This research is being by the school of Health and Social Development, and the 
Population Health Strategic Research Centre at Deakin University.  
Results of the research 
Information/data arising from this research will be stored in confidence and will not 
be released to anyone outside the study team.  The information will be kept in locked 
facilities in accordance with government guidelines.  The consent forms will be stored 
separately to the data collected and data will be disposed of after a minimum period 
of 7 years.   The information and data arising from the stakeholder workshops will be 
used to develop and monitor changes to the healthy weight system in your 
community.  We plan to share and discuss the results with government departments, 
policy makers and publish the results in peer-reviewed journals and present the 
findings at relevant conferences and meetings.  In any publication, presentation or 
discussion the information will be provided in such a way that no individual can be 
identified.    
Ethical Guidelines 
This research will be carried out in accordance with the National Statement on 
Plain Language Statement & Consent Form to Participants, HEAG-H 189_2014 
Ethical Conduct in Human Research 2007 – Updated 2009 which is produced by the 
National Health and Medical Research Council of Australia.  This statement has been 
developed to protect the interests of people who agree to participate in human 
research studies.  The ethical aspects of this research have been approved by the  
Faculty of Health’s Human Research Ethics Advisory Group (HEAG), Deakin University. 
Further Information  
If you require further information or have any problems or concerns regarding this 
research, you can contact Joshua Hayward.  
Mr Joshua Hayward  
PhD Candidate, World Health Organization Collaborating Centre for Obesity 
Prevention, Deakin Population Strategic Research Centre  
Geelong Waterfront Campus, Deakin University 
Locked Bag 20000,  
Geelong Vic, 3220  
PH: (03) 5227 8305  
Complaints  
If you have any complaints about any aspect of the project, the way it is being 
conducted or any questions about your rights as a research participant, then you may 
contact:    
The Manager, Research Integrity, Deakin University, 221 Burwood Highway, Burwood 
Victoria 3125, Telephone: 9251 7129, research-ethics@deakin.edu.au  
Please quote project number [HEAG-H 189_2014]. 
Plain Language Statement & Consent Form to Participants, HEAG-H 189_2014 
 PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
TO:  Student 
STUDENT Consent Form 
Date: 05/10/2015  
Full Project Title:  HAL Maps – Healthy Adolescent Lifestyle Maps GMB Project Reference 
Number: [HEAG-H 189_2014].  
I have read and I understand the attached Plain Language Statement. 
I freely agree to participate in this project according to the conditions in the Plain Language 
Statement.   
I have been given a copy of the Plain Language Statement and Consent Form to keep. 
The researcher has agreed not to reveal my identity and personal details, including where 
information about this project is published, or presented in any public form.    
Participant’s Name (printed) …………………………………………………………………… 
Signature ……………………………………………………… Date  ………………………… 
Plain Language Statement & Consent Form to Participants, HEAG-H 189_2014 
 PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
TO:  Parent/Guardian 
PARENT/GUARDIAN Consent Form 
Date: 05/10/2015  
Full Project Title:  HAL Maps – Healthy Adolescent Lifestyle Maps GMB Project 
Reference Number: [HEAG-H 189_2014].  
I have read and I understand the attached Plain Language Statement. 
I freely agree to my child’s participation in this project according to the conditions in the 
Plain Language Statement.   
I have been given a copy of the Plain Language Statement and Consent Form to keep. 
The researcher has agreed not to reveal my child’s identity and personal details, including 
where information about this project is published, or presented in any public form.    
Parent/guardian’s name (printed) ……………………………………………………………… 
Signature ……………………………………………………… Date  ………………………… 
Plain Language Statement & Consent Form to Participants, HEAG-H 189_2014 
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
TO:  Student 
Withdrawal of Consent Form 
(To be used for participants who wish to withdraw from the project)  
Date: 05/10/2015  
Full Project Title:  HAL Maps – Healthy Adolescent Lifestyle Maps GMB Project Reference 
Number: [HEAG-H 189_2014].  
I hereby wish to WITHDRAW my consent to participate in the above research project and 
understand that such withdrawal WILL NOT jeopardise my relationship with Deakin 
University or any associated party.  
Participant’s Name (printed) ……………………………………………………. 
Signature ………………………………………………………………. Date …………………… 
Please mail this form to: 
Mr Joshua Hayward  
World Health Organization Collaborating Centre for Obesity Prevention, Deakin Population 
Strategic Research Centre  
Geelong Waterfront Campus 
Deakin University  
Locked Bag 20000,  
Geelong Vic, 3220  
PH: (03) 5227 8305  
Plain Language Statement & Consent Form to Participants, HEAG-H 189_2014 
PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
TO:  Teacher 
Plain Language Statement 
Date: 05/10/2015  
Full Project Title:  HAL Maps – Healthy Adolescent Lifestyle Maps GMB Project   
Principal Researchers: Mr Joshua Hayward, Professor Steven Allender, Dr Claudia 
Strugnell, Dr Lynne Millar & Mr Brynle Owen.  
Purpose 
We would like to find out more about the factors that could contribute to healthy 
physical activity and nutrition among adolescents in your community.  We are 
inviting approximately 20 stakeholders, people who have a good understanding of 
the community, from all sectors to help explain what drives the physical activity and 
nutrition patterns of adolescents in your area.  
This letter outlines the intended research study and includes a consent form should 
you agree to participate.  We ask that you please read this information carefully, so 
that you can make an informed decision about participation.  
Methods 
If you agree to participate in this study we would like you to attend 90-minute 
workshop on Tuesday 20th of October, from 11:00am until 12:30pm at the Western 
Beach Room at Deakin University Waterfront Campus (Building AD, Level 6, Deakin 
University Waterfront Campus, 1 Gheringhap Street, Geelong). In this workshop, you 
will develop a picture of the things that drive healthy physical activity and nutrition 
patterns for adolescents in your region. Secondary school students will also form part 
of the participant group in this study, and you will attend the workshop along with a 
year 10 student from your school. After the completion of the initial workshop, you 
(along with the accompanying student from your school) will be invited to a second 
90minute workshop to provide a second round of input to finalise the picture.  
At no time point will you be asked to discuss personal information.  You will be 
bringing your knowledge and experience to the workshops as a valued member of 
the community.  
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Possible Benefits 
The purpose of the initial workshop is to develop a picture of the things that drive 
healthy physical activity and nutrition patterns for adolescents in your region.  This 
information is critical in being able to examine what affect initiatives in your 
community are having on physical activity and nutrition among adolescents. In 
addition, the data and knowledge derived from this research will be able to highlight 
future areas for action in your community as well as things that are being done well. 
Possible Risks  
This research is very low risk.  However, should you feel uncomfortable at any point; 
you may withdraw participation without any consequences.  
Participation is Voluntary 
Participation in this research is voluntary and no reimbursements or incentives 
(financial or other) will be offered to participants.  
Privacy, Confidentiality and Disclosure of Information  
At no time-point will you be asked to discuss personal information.  All information 
collected in the workshops will be anonymous and you will not be identified or 
identifiable in any report or publication arising from this session.  The nature of the 
focus group requires participants to think at a community level (e.g. where people 
live, work and play) thus avoiding the need to discuss any personal information or 
stories.   
Funding 
This research is being by the school of Health and Social Development, and the 
Population Health Strategic Research Centre at Deakin University.  
Results of the research 
Information/data arising from this research will be stored in confidence and will not 
be released to anyone outside the study team.  The information will be kept in locked 
facilities in accordance with government guidelines.  The consent forms will be 
stored separately to the data collected and data will be disposed of after a minimum 
period of 7 years.   The information and data arising from the stakeholder workshops 
will be used to develop and monitor changes to the healthy weight system in your 
community.  We plan to share and discuss the results with government departments, 
policy makers and publish the results in peer-reviewed journals and present the 
findings at relevant conferences and meetings.  In any publication, presentation or 
discussion the information will be provided in such a way that no individual can be 
identified.     
Ethical Guidelines 
This research will be carried out in accordance with the National Statement on 
Plain Language Statement & Consent Form to Participants, HEAG-H 189_2014 
Ethical Conduct in Human Research 2007 – Updated 2009 which is produced by the 
National Health and Medical Research Council of Australia.  This statement has been 
developed to protect the interests of people who agree to participate in human 
research studies.  The ethical aspects of this research have been approved by the  
Faculty of Health’s Human Research Ethics Advisory Group (HEAG), Deakin University. 
Further Information  
If you require further information or have any problems or concerns regarding this 
research, you can contact Joshua Hayward.  
Mr Joshua Hayward  
PhD Candidate, World Health Organization Collaborating Centre for Obesity 
Prevention, Deakin Population Strategic Research Centre  
Geelong Waterfront Campus, Deakin University 
Locked Bag 20000,  
Geelong Vic, 3220  
PH: (03) 5227 8305  
Complaints  
If you have any complaints about any aspect of the project, the way it is being 
conducted or any questions about your rights as a research participant, then you may 
contact:    
The Manager, Research Integrity, Deakin University, 221 Burwood Highway, Burwood 
Victoria 3125, Telephone: 9251 7129, research-ethics@deakin.edu.au  
Please quote project number [HEAG-H 189_2014]. 
Plain Language Statement & Consent Form to Participants, HEAG-H 189_2014 
 PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
TO:  Teacher 
Consent Form 
Date: 05/10/2015  
Full Project Title:  HAL Maps – Healthy Adolescent Lifestyle Maps GMB Project Reference 
Number: [HEAG-H 189_2014].  
I have read and I understand the attached Plain Language Statement. 
I freely agree to participate in this project according to the conditions in the Plain Language 
Statement.   
I have been given a copy of the Plain Language Statement and Consent Form to keep. 
The researcher has agreed not to reveal my identity and personal details, including where 
information about this project is published, or presented in any public form.    
Participant’s Name (printed) …………………………………………………………………… 
Signature ……………………………………………………… Date  ………………………… 
Plain Language Statement & Consent Form to Participants, HEAG-H 189_2014 
PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
TO:  Teacher 
Withdrawal of Consent Form 
(To be used for participants who wish to withdraw from the project) 
Date: 05/10/2015  
Full Project Title:  HAL Maps – Healthy Adolescent Lifestyle Maps GMB Project Reference 
Number: [HEAG-H 189_2014].  
I hereby wish to WITHDRAW my consent to participate in the above research project and 
understand that such withdrawal WILL NOT jeopardise my relationship with Deakin 
University or any associated party.  
Participant’s Name (printed) ……………………………………………………. 
Signature ………………………………………………………………. Date …………………… 
Please mail this form to: 
Mr Joshua Hayward  
World Health Organization Collaborating Centre for Obesity Prevention, Deakin Population 
Strategic Research Centre  
Geelong Waterfront Campus 
Deakin University  
Locked Bag 20000,  
Geelong Vic, 3220  
PH: (03) 5227 8305  
Healthy Adolescent Lifestyle (HAL) 
Mapping Project 
Understanding Physical Activity and Diet Behaviours in 
Victoria, Australia 
Workshop Report 
October-December 2015
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HAL Maps Workshop Report. Oct-Dec 2015 
Executive Summary: 
Two workshop sessions were held on the 20/10 and 5/11 2015, with participants from Healthy 
Together Geelong, and representatives from health service providers and secondary schools across the 
Greater Geelong region. The workshops were facilitated by Mr Josh Hayward, Mr Brynle Owen, and 
Mr Andrew Brown from Deakin University, along with Ms Jaimie McGlashan, Professor Steven 
Allender, Dr Lynne Millar (also from Deakin University) and Professor Kayla de la Haye from 
University of Southern California who joined as note-takers and observers. The objectives of the 
workshops were to: 
x Create a shared understanding of the interrelated causes and effects of healthy diet and
physical activity behaviours among adolescents within the Geelong region, and;
x Generate a “Healthy Adolescent Lifestyle Map” depicting this shared understanding.
Session 1 involved a series of exercises including the “Graphs over Time” and “Connection Circles”
activities, in which participants identified the initial set of causes and effects of adolescent healthy 
diet and physical activity within the region, and began to identify the complex causal linkages 
between these variables. The activities of session 1 formed the basis for the first iteration of the HAL 
Map, which was presented to participants in Session 2.  
Session 2 introduced the Map to participants, and included the “Community Feedback” and “Live 
Model Update” exercises, to explore participants’ initial reactions to the model and obtain feedback 
for further development of the map. The session concluded with an activity which saw some of this 
feedback immediately incorporated into the model during the live model update. 
HAL Maps Workshop Report. Oct-Dec 2015 
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HAL Maps Workshop Report. Oct-Dec 2015 
HAL Maps Session 1: Introduction, Graphs over Time and Connection 
Circles 
20th October, 2015 - 11:00am – 12:30pm 
Session welcome and introduction: 
The first morning of the workshop began with an overview of adolescent mental health and the 
lifestyle behaviours related to it, specifically adolescent physical activity and diet behaviours. The 
session brought together stakeholders from Healthy Together Geelong, health service providers, and 
secondary school teachers and students from around Greater Geelong. The session began with an 
overview of the structure of the first workshop session. The slideshow presentation which was used 
throughout the session is presented below in Figure 1, and the agenda for the session is presented in 
Appendix A.
Figure 1: Slide presentation from workshop 1 (Cont’d over page)
HAL Maps Workshop Report. Oct-Dec 2015 
Figure 1 (Cont’d): Slide presentation from workshop 1 
HAL Maps Workshop Report. Oct-Dec 2015 
Graphs over time activity: 
The graphs over time activity was introduced, followed by a 10 minute session allowing participants 
to work in small groups to draw as many “Graphs over Time” as they could think of, in response to 
the prompt: “What things can you think of which affect or are affected by adolescents’ ability to eat 
healthily or be physically active in the Geelong region?” Each group prioritized their graphs and then 
presented their most important ideas to the group. The graphs were used as a method for identifying 
the most important factors related to adolescent lifestyle health from the group’s perspective, and 
provide a starting point for the next activity.  
Connection circles activity: 
The connection circles activity was introduced to the group as an exercise to find the causal 
connections (i.e. which factors cause a change in which other factors) between the important factors 
that had been identified in the graphs over time activity. Each of the factors which had been identified 
by the group during the graphs over time activity was displayed in a circle on a projector screen. 
During the activity, participants were able to specify connections between the factors, and those 
connections were added to the connection circle. Participants were also able to introduce new factors 
into the connection circle as they became relevant. Over the course of the session, participants worked 
on the connection circle until they had created a “spaghetti map” (shown below in Figure 2). The 
spaghetti map provided the initial information which was developed into a revised and clarified map, 
to be presented in the second workshop.  The first session was closed by the facilitator after reflecting 
briefly on the session outcomes and explaining the next steps involved in upcoming sessions.  
HAL Maps Workshop Report. Oct-Dec 2015 
Figure 2: Spaghetti map from workshop 1.
HAL Maps Workshop Report. Oct-Dec 2015 
HAL Maps Session 2: Model Presentation and Feedback from Participants 
5th November, 2015 - 11:00am – 12:30pm 
Session welcome and introduction: 
The second session of the workshop began by restating the purpose of the workshop – to build shared 
understanding of the drivers of adolescent lifestyle health in the Geelong region. This was followed 
by a presentation from Josh Hayward, outlining the development of the map based on the outputs 
from the previous session.  
Between workshops 1 and 2, the facilitation team had taken the spaghetti map (Figure 2) and clarified 
it by re-arranging where the variable names were located on the page. Through the process (referred 
to as “detangling”) the facilitation team arranged the variables and connections which had been 
identified by participants in the first workshop in such a way to minimise crossovers between the 
connection arrows. The slides used in the session are presented in figure 3, below, along with the 
updated version of the map presented in Figure 4. The agenda for the session is presented below in 
Appendix A.
Figure 3: Slide presentation from workshop 2 (Cont’d over page)
HAL Maps Workshop Report. Oct-Dec 2015 
Figure 3 (Cont’d): Slide presentation from workshop 2 
HAL Maps Workshop Report. Oct-Dec 2015 
Figure 4: Updated map from workshop 2. 
Community feedback on map activity: 
The first activity of the session involved a 30 minute session allowing participants to convey positive 
comments (“things I liked”), concerns or proposed changes (“things I think are wrong/need to be 
changed”) and general comments (“this is new knowledge/this requires further investigation”) on the 
basis of the map which had been presented. The comments were attached to the map using post-it
notes (see example in Figure 5 below). At this stage participants were also invited to add any causal 
connections (new arrows) to the map that they thought were missing. The feedback from the group 
was retained for further development of the map after workshop 2: 
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Figure 5: Example of community feedback on map during workshop 2. 
Live map update activity: 
Participants worked on a final activity, clarifying and adding detail to the map, based on the 
discussions and outputs from the initial feedback session. During the live map update, participants 
discussed content in the map which was incorrect or required clarification, as well as missing factors 
or connections which needed to be included. As participants proposed changes to the map, the 
changes were incorporated, in real time on a projected screen in a similar fashion to the connection 
circles activity in workshop 1. The outputs of this session are shown below, in figure 6. This process 
helped the facilitation team to gauge the most important revisions to the map, and to commence the 
process of revising and finalising the map after the workshop. 
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Figure 6: Map from workshop 2 after live map update activity. 
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HAL Maps Post-Workshop:
Post workshop map revision: 
Following workshop 2, the facilitation team again completed a round of clarification on the updated 
map from the live map update activity, and incorporated the feedback that participants had provided 
during the community feedback activity. As with the second workshop, clarification involved working 
to minimise the crossover of connection arrows in the map that participants had created. 
The final version of the map which was created after workshop two is presented below, in figure 7,
and in an enlarged version in Appendix B. 
Figure 7: Finalised map after post-workshop revision. 
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Summary: 
In summary, the workshops achieved the initial goals of a) creating shared understanding of the 
causes and effects of healthy diet and physical activity behaviours among adolescents within Greater 
Geelong, and b) creating a “HAL Map” to visually represent the understanding reached by the group. 
The results of this workshop will be used to inform research undertaken as part of Josh Hayward’s
PhD thesis at Deakin University. This research endeavours to understand whether this approach is a 
feasible method for sharing and building understanding around the issue of adolescent lifestyle. 
Secondly, it aims to see how different groups agree or differ on what they see as the primary causes of 
adolescent’s diet and physical activity behaviours. The workshop series seems to suggest that the 
approach is feasible for sharing understanding (based on the maps attached to this document) however 
more research will be undertaken in the coming months to answer the second question, and find out 
where the two workshop groups agreed, and where their perceptions were different. If you would like 
to be kept abreast of the research as it goes on, please feel free to contact me at jnh@deakin.edu.au
and I will let you know what the results were when the study is complete. 
Acknowledgements: 
The HAL Maps facilitation team would like to thank the City of Greater Geelong & Healthy Together
Geelong team for its assistance with coordination and recruitment throughout the HAL Maps 
workshop series.  
The team also wishes to thank each of the participants who volunteered their time, and brought their 
knowledge and expertise to the workshops. A final, special thanks goes to the students who attended 
and were such great representatives of their peers in the Geelong community. 
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APPENDIX A: HAL Workshop Session Agendas. 
Agenda: Session 1 
Time Duration Activity Description
11:00am 10mins Welcome and 
Introduction to 
Session
The convener (Josh) welcomes participants and 
opens the meeting. Introduction of participants 
and facilitation team. The facilitator (Josh)
provides a brief introduction to the project and the 
purpose of the session.
11:10am 30mins Graphs Over Time The facilitator (Josh) introduces the “Graphs 
over Time” exercise and gives participants 10 
minutes to work in groups of three to draw as 
many graphs over time as they can on “Things 
that affect or are affected by adolescent physical 
activity or diet in the Greater Geelong region.”
11:40am 40mins Connection Circle The facilitator (Josh) introduces the connection 
circle script as an exercise for participants to
discuss, and find the connections between 
different factors that contribute to or are affected 
by adolescent health behaviours in Geelong.
The modeler (Andrew) draws the links as the 
participants are speaking, and the connection 
circle is projected for participants to see.
12:20pm 10mins Closing The facilitator (Josh) explains the next steps 
including going over the notes and cleaning up 
the map to continue to build on the next meeting. 
Potential next dates are discussed with 
participants. Participants are thanked for their 
time, and invited to stay after if they have more 
questions.
12:30pm n/a Close session Session finished
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Agenda: Session 2 
Time Duration Activity Description
11:00am 10mins Welcome and 
Introduction to 
Session
The convener (Josh) welcomes participants and opens 
the meeting. Introduction of participants and facilitation 
team. The facilitator (Josh) provides a brief 
introduction to the purpose of the session.
11:10am 10mins Model 
Presentation
The Presenter (Josh) gives a brief outline of the 
development of the map from last workshop’s outputs 
to the current version.
11:20am 30mins Community 
Feedback on 
Map
The facilitator (Josh) at the front of the room explains 
the purpose of the exercise, inviting participants to 
work in groups of three, using use sticky notes to 
provide different types of feedback to the new version 
of the map. Feedback loops are briefly presented (with 
an example from the diagram) and participants are 
encouraged to identify any other ones they can see.
11:50am 30mins Live Model 
Update
The facilitator (Josh) reflects the work that the 
participants have just completed on the map.
Participants are informed that they now have around 30 
minutes to discuss their most important changes, as a 
way of beginning the second round of map
development.
Throughout the discussion, the modeler (Andrew) is 
updating the current version of the map, which is being 
projected on a screen in real-time, to reflect the 
participants commentary.
12:20pm 10mins Closing The closer (Josh) thanks participants for their time, 
invites them to stay after if they have more questions, 
and reminds participants that the map will now be 
revised into a final version, which will be sent back to 
them in their school or organization.
12:30pm n/a Close session
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APPENDIX B: Figure 7 (Enlarged) 
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Executive Summary: 
Two workshop sessions were held on the 23/10 and 6/11 2015, with participants from Healthy 
Together Geelong, and representatives from health service providers and secondary schools across the 
Greater Geelong region. The workshops were facilitated by Mr Josh Hayward, Mr Brynle Owen, and 
Mr Andrew Brown from Deakin University, along with Ms Jaimie McGlashan, Professor Steven 
Allender, Dr Lynne Millar (also from Deakin University) and Professor Kayla de la Haye from 
University of Southern California who joined as note-takers and observers. The objectives of the 
workshops were to: 
x Create a shared understanding of the interrelated causes and effects of healthy diet and
physical activity behaviours among adolescents within the Geelong region, and;
x Generate a “Healthy Adolescent Lifestyle Map” depicting this shared understanding.
Session 1 involved a series of exercises including the “Graphs over Time” and “Connection Circles”
activities, in which participants identified the initial set of causes and effects of adolescent healthy 
diet and physical activity within the region, and began to identify the complex causal linkages 
between these variables. The activities of session 1 formed the basis for the first iteration of the HAL 
Map, which was presented to participants in Session 2.  
Session 2 introduced the Map to participants, and included the “Community Feedback” and “Live 
Model Update” exercises, to explore participants’ initial reactions to the model and obtain feedback 
for further development of the map. The session concluded with an activity which saw some of this 
feedback immediately incorporated into the model during the live model update. 
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HAL Maps Session 1: Introduction, Graphs over Time and Connection 
Circles 
23rd October, 2015 - 12:30pm – 2:00pm 
Session welcome and introduction: 
The first morning of the workshop began with an overview of adolescent mental health and the 
lifestyle behaviours related to it, specifically adolescent physical activity and diet behaviours. The 
session brought together stakeholders from Healthy Together Geelong, health service providers, and 
secondary school teachers and students from around Greater Geelong. The session began with an 
overview of the structure of the first workshop session. The slideshow presentation which was used 
throughout the session is presented below in Figure 1, and the agenda for the session is presented in 
Appendix A.
Figure 1: Slide presentation from workshop 1 (Cont’d over page)
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Figure 1 (Cont’d): Slide presentation from workshop 1 
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Graphs over time activity: 
The graphs over time activity was introduced, followed by a 10 minute session allowing participants 
to work in small groups to draw as many “Graphs over Time” as they could think of, in response to 
the prompt: “What things can you think of which affect or are affected by adolescents’ ability to eat 
healthily or be physically active in the Geelong region?” Each group prioritized their graphs and then 
presented their most important ideas to the group. The graphs were used as a method for identifying 
the most important factors related to adolescent lifestyle health from the group’s perspective, and 
provide a starting point for the next activity.  
Connection circles activity: 
The connection circles activity was introduced to the group as an exercise to find the causal 
connections (i.e. which factors cause a change in which other factors) between the important factors 
that had been identified in the graphs over time activity. Each of the factors which had been identified 
by the group during the graphs over time activity was displayed in a circle on a projector screen. 
During the activity, participants were able to specify connections between the factors, and those 
connections were added to the connection circle. Participants were also able to introduce new factors 
into the connection circle as they became relevant. Over the course of the session, participants worked 
on the connection circle until they had created a “spaghetti map” (shown below in Figure 2). The 
spaghetti map provided the initial information which was developed into a revised and clarified map, 
to be presented in the second workshop.  The first session was closed by the facilitator after reflecting 
briefly on the session outcomes and explaining the next steps involved in upcoming sessions.  
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Figure 2: Spaghetti map from workshop 1.
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HAL Maps Session 2: Model Presentation and Feedback from Participants 
6th November, 2015 - 12:30pm – 2:00pm 
Session welcome and introduction: 
The second session of the workshop began by restating the purpose of the workshop – to build shared 
understanding of the drivers of adolescent lifestyle health in the Geelong region. This was followed 
by a presentation from Josh Hayward, outlining the development of the map based on the outputs 
from the previous session.  
Between workshops 1 and 2, the facilitation team had taken the spaghetti map (Figure 2) and clarified 
it by re-arranging where the variable names were located on the page. Through the process (referred 
to as “detangling”) the facilitation team arranged the variables and connections which had been 
identified by participants in the first workshop in such a way to minimise crossovers between the 
connection arrows. The slides used in the session are presented in figure 3, below, along with the 
updated version of the map presented in Figure 4. The agenda for the session is presented below in 
Appendix A.
Figure 3: Slide presentation from workshop 2 (Cont’d over page)
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Figure 3 (Cont’d): Slide presentation from workshop 2 
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Figure 4: Updated map from workshop 2. 
Community feedback on map activity: 
The first activity of the session involved a 30 minute session allowing participants to convey positive 
comments (“things I liked”), concerns or proposed changes (“things I think are wrong/need to be 
changed”) and general comments (“this is new knowledge/this requires further investigation”) on the 
basis of the map which had been presented. The comments were attached to the map using post-it 
notes (see example in Figure 5 below). At this stage participants were also invited to add any causal 
connections (new arrows) to the map that they thought were missing. The feedback from the group 
was retained for further development of the map after workshop 2: 
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Figure 5: Example of community feedback on map during workshop 2. 
Live map update activity: 
Participants worked on a final activity, clarifying and adding detail to the map, based on the 
discussions and outputs from the initial feedback session. During the live map update, participants 
discussed content in the map which was incorrect or required clarification, as well as missing factors 
or connections which needed to be included. As participants proposed changes to the map, the 
changes were incorporated, in real time on a projected screen in a similar fashion to the connection 
circles activity in workshop 1. The outputs of this session are shown below, in figure 6. This process 
helped the facilitation team to gauge the most important revisions to the map, and to commence the 
process of revising and finalising the map after the workshop. 
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Figure 6: Map from workshop 2 after live map update activity. 
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HAL Maps Post-Workshop:
Post workshop map revision: 
Following workshop 2, the facilitation team again completed a round of clarification on the updated 
map from the live map update activity, and incorporated the feedback that participants had provided 
during the community feedback activity. As with the second workshop, clarification involved working 
to minimise the crossover of connection arrows in the map that participants had created. 
The final version of the map which was created after workshop two is presented below, in figure 7,
and in an enlarged version in Appendix B. 
Figure 7: Finalised map after post-workshop revision. 
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Summary: 
In summary, the workshops achieved the initial goals of a) creating shared understanding of the 
causes and effects of healthy diet and physical activity behaviours among adolescents within Greater 
Geelong, and b) creating a “HAL Map” to visually represent the understanding reached by the group. 
The results of this workshop will be used to inform research undertaken as part of Josh Hayward’s
PhD thesis at Deakin University. This research endeavours to understand whether this approach is a 
feasible method for sharing and building understanding around the issue of adolescent lifestyle. 
Secondly, it aims to see how different groups agree or differ on what they see as the primary causes of 
adolescent’s diet and physical activity behaviours. The workshop series seems to suggest that the 
approach is feasible for sharing understanding (based on the maps attached to this document) however 
more research will be undertaken in the coming months to answer the second question, and find out 
where the two workshop groups agreed, and where their perceptions were different. If you would like 
to be kept abreast of the research as it goes on, please feel free to contact me at jnh@deakin.edu.au
and I will let you know what the results were when the study is complete. 
Acknowledgements: 
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Geelong team for its assistance with coordination and recruitment throughout the HAL Maps 
workshop series.  
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knowledge and expertise to the workshops. A final, special thanks goes to the students who attended 
and were such great representatives of their peers in the Geelong community. 
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APPENDIX A: HAL Workshop Session Agendas. 
Agenda: Session 1 
Time Duration Activity Description
12:30pm 10mins Welcome and 
Introduction to 
Session
The convener (Josh) welcomes participants and 
opens the meeting. Introduction of participants 
and facilitation team. The facilitator (Josh)
provides a brief introduction to the project and the 
purpose of the session.
12:40pm 30mins Graphs Over Time The facilitator (Josh) introduces the “Graphs 
over Time” exercise and gives participants 10 
minutes to work in groups of three to draw as 
many graphs over time as they can on “Things 
that affect or are affected by adolescent physical 
activity or diet in the Greater Geelong region.”
1:10pm 40mins Connection Circle The facilitator (Josh) introduces the connection 
circle script as an exercise for participants to
discuss, and find the connections between 
different factors that contribute to or are affected 
by adolescent health behaviours in Geelong.
The modeler (Andrew) draws the links as the 
participants are speaking, and the connection 
circle is projected for participants to see.
1:50pm 10mins Closing The facilitator (Josh) explains the next steps 
including going over the notes and cleaning up 
the map to continue to build on the next meeting. 
Potential next dates are discussed with 
participants. Participants are thanked for their 
time, and invited to stay after if they have more 
questions.
2:00pm n/a Close session Session finished
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Agenda: Session 2 
Time Duration Activity Description
12:30pm 10mins Welcome and 
Introduction to 
Session
The convener (Josh) welcomes participants and opens 
the meeting. Introduction of participants and facilitation 
team. The facilitator (Josh) provides a brief 
introduction to the purpose of the session.
12:40pm 10mins Model 
Presentation
The Presenter (Josh) gives a brief outline of the 
development of the map from last workshop’s outputs 
to the current version.
12:50pm 30mins Community 
Feedback on 
Map
The facilitator (Josh) at the front of the room explains 
the purpose of the exercise, inviting participants to 
work in groups of three, using use sticky notes to 
provide different types of feedback to the new version 
of the map. Feedback loops are briefly presented (with 
an example from the diagram) and participants are 
encouraged to identify any other ones they can see.
1:20pm 30mins Live Model 
Update
The facilitator (Josh) reflects the work that the 
participants have just completed on the map.
Participants are informed that they now have around 30 
minutes to discuss their most important changes, as a 
way of beginning the second round of map
development.
Throughout the discussion, the modeler (Andrew) is 
updating the current version of the map, which is being 
projected on a screen in real-time, to reflect the 
participants commentary.
1:50pm 10mins Closing The closer (Josh) thanks participants for their time, 
invites them to stay after if they have more questions, 
and reminds participants that the map will now be 
revised into a final version, which will be sent back to 
them in their school or organization.
2:00pm n/a Close session
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APPENDIX B: Figure 7 (Enlarged) 
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E.3 - HAL Final CLD – Stream 1 
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E.4 - HAL Final CLD – Stream 2 
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